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“BELLY POUNDER’ USED BY MEAT PACKERS AT THE UNION STOCK YARDS, CHICAGO. A ROCK DRILL 
IS PROVIDED WITH A SPECIAL DIE ON THE END OF THE PISTON AND IS USED FOR TAKING 
THE ‘KINKS"’ OUT OF HOGS’ BELLIES AND STRAIGHTENING THEM OUT AS THEY 
COME TO THE MACHINE IN A FROZEN STATE, 
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LIDGERWOOD M’F’G CO., | 


Boston. pte 
Philadelphia. 96 Liberty Street, Portland, Ore. 


Cleveland, O. New York. New Orleans. 


ARD 
nies Cableways, 


Hoisting | 





AND : 


Built on the gna f Y y saiia’ Conveying 


Duplicate wee aay J ) 
Part System. ~~ = evices, 


For Canal and Trench Excavating, Dam Construction, Wall and Pier Building, Miniag, 
Quarrying, Logging, and General Contract Work. 
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Fiske Brothers Hell ning to 


NON-CARBONIZING OIL_~ 


” 
: 
: 
FOR USE IN AIR CYLINDERS OF ; 
: 
: 


<< AIR COMPRESSORS, 


Also All Grades of Lubricants for use on Machinery 
Propelled by Compressed Air. 


Office and Salesroom, No. 59 WATER ST., NEW YORK, U.S. A. 


x» CABLE ADDRESS 


“LUBROLEINE.’’ 
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FOR » 
THE WORK OF THE DRILL. 
FOR ALL PURPOSES: 
COAL, IRON, STONE, WATER, GOLD, SILVER, OIL, COPPER, TIN, ETC. 
— an 


“Boring and Drilling” 


AN ILLUSTRATED TECHNICAL MONTHLY. 


auf 


PEP FLERE IEE SIT EMIT IS LTS PATON ER EEE ie 


Methods of Boring. New Appliances. Sections of Strata, Etc. 
RECORDED. 


Editorial Office: Snbscription: 
45 Devonshire Chambers, Bishopsgate, For the year, - - 10s, with postage. 
London, E. C, Single copies, - - - 1s. 
SEE SEPTEMBER NUMBER FOR SPECIAL ILLUSTRATED REPORT 
OF BORING ENGINEERS’ CONGRESS AT FRANKFORT. - PRICE 2s. 
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€ 


i ICAL, HANDIEST, MOST 
<= iy _ ADAPTABLE TO VARY- 
PORTER 4 of ae — aT MING REQUIREMENTS, 


Bh AND MOST RELIABLE. 


We introduced the first air haulage into anthracite mines, and have installed 
about go per cent. of the air locomotives in use in America. We can refer to some 
25 plants in operation, each with one to six locomotives, track gauges 18 to 56% 
inches, underground and surface haulage. Our designs are automatic, easily 
controlled and free from complications. 

SPECIAL OFFER: On application of Mine Superintendent or official of 
operation likely to use locomotives, we will mail free our Ninth Edition “Light 
Locomotives,” 233 pages, describing 600 steam and 60 air ‘locomotives. To 
accommodate others a copy will be mailed on receipt of 50 cents (in stamps if 
desired). 


Address----> HK, PORTER COMPARY, - 
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$e of. 


Boston. New York. Philadelphia. Pittsburg. Chicago. 
Foreign Dep’t, Dock neue Billiter St., London, E. C. 


NATIONAL TUBE COMPANY, 


MANUFACTURERS OF 


Standard Steam, Gas and Water Pipe. 
Locomotive and Stationary Boiler Tubes. 
Special Flanged Pipe for Compressed Air. 
Pump Columns for Mines. 
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Special Light Lap-Welded Pipe, fitted with the Converse 
Patent Lock Joint and Matheson Patent Joint for Water 
and Gas Mains. 


Cylinders with Dished or Flat Heads for Carbonic Acid and 
other Gases. 


NEW YORK OFFICE, HAVEMEYER BUILDING. 
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™ PULSOMETER St 
“The Contractor’s Friend.” 


OFTEN IMITATED—NEVER EQUALED. 
OVER 20,000 IN USE. 





Recent Important Improvements. 





The Handiest, Simplest and Most Efficient Steam Pump for 
General Low Service Mining, Quarrying, Railroad, Irrigating, 
Drainage, Coal-washing, Tank-filling, Paper Mill, Sewer and Bridge 
Contractors’ Purposes, etc., etc. 


Muddy or gritty liquids handled without injury to the Pump. 





PULSOMETER STEAM Pump Co. 


Catalogue on Application. Correspondence Solicited. 


135 GREENWICH STREET, NEW YORK. 
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he BR, Goodrich Company. 


AKRON RUBBER WORKS. FACTORIES: AKRON, OHIO, U.S.A. 


NEW YORK: CHICAGO: SAN FRANCISCO: 
66-68 Reade Street. 143 Lake Street. 35 New Montgomery Street. 


Rubber Goods_._ 


| 
OF FINE QUALITY, 
: 





HOSE FOR ALL PURPOSES. #68 


AIR HOSE for Rock Drills, Compressors, ILLUSTRATED 
Mining Machines, Pneumatic Riveters, etc. CATALOGUE. 





STEAM HOSE, Etc. 
Belting, Springs of all kinds, Valves, Gaskets, Rings, Packing, etc., etc. 
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| No Floats or Submerged Working | THE 
Parts. ‘ 


- = >) | MERRILL PNEUMATIC PUMP | 


Operated by | 
| 


_ COMPRESSED AIR. | 


Section. of | 
Chamber 


Suited to All Conditions and Places from 

Which Water is Taken. : 2 ig ee y 
| Sent on Trial to All Parts ofthe Country. 

Single and Duplex Displacement and Piston Y 

Types com pt g's roy 

Can be Installed by Any Mechanic: 


| MERRILL PNEUMATIC PUMP CO., 


| Duntex Ding! bat Ty: 141 Broadway, New York. 


isplacement 





~ WRITE FOR CIRCULAR. 
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This is the only publication devoted to the useful application : 
of compressed air, and it is the recognized authority on all Aj 
matters pertaining to this subject. 
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RATES OF SUBSCRIPTION. © % - 4 
. . Vi 

United States, Canada and Mexico, per ye ar, $1.00 y 
\ All other Countries, 1.50 reve 
~ Single Covies +10 V 
“ vere, 
vA 
SPECIAL s& s& s* *© & © tes 
Clubs of ten subscribers, ‘ 5-00 b 4 
\ The attention of Engineers, Superintendents, Railroad Mester Mechan- b) 
\ ics, Manufacturers of Compressed Air Appliances, Students, and all abe, 
others whose association with compressed air require the widest Y 
knowledge of the application of air power is called to this Special sete, 

\ Rate. It enables them to place the mazazine in the hands of opera- WY 
tors of compressed air apparatus by club subscriptions at an extremly ate, 

\ rc ~ y 
low cost. ‘y 
pare, 

Vi 
LIST OF BOOKS ON COMPRESSED AIR. - 4 
WwW 

Volume No. 4, “ Compressed Air,” . ‘ , cloth, 2.00 m 
March, 1890— Fe *bruary, 1900, tactasive. —The twelve numbers of Ww 
** Compressed Air,’ which make up this volume are profusely illustra- A 

ted with fine half-tone engravings and line cuts of a large number of Y 
important applications of compressed air. The articles contained in eee, 
the above have been widely quoted and treat upon a varicd collection Wd 
of air power subjects. ates 
This volume is valuable for those who contemplate the use cf com- WY 
pressed air, and are investigating its advantages. reyen 

AW 
Compressed Air Production, by W. L. Saunders, ‘ cloth, 1.00 ishey 

. . . WY 

Compressed Air Production or The Theory and Practice of Air Com- Y 
pression. Just pub.ished. By W. L. Saunders. A pees treatise W]) 

on air compression and compressed air machinery. It contains rules, ef 
tables and data of value to engineers. Ww 
: : mae late, 
Compressed Air, by Frank Richards, . " cloth, 1.50 /) 
Compressed Air, by Frank Richards. Contains practical information sate, 

upon air compression and the transmission and application of com- WZ 
pressed air. abe, 

J 
Liquid Air and the pee of Gases, by Prof. T. O’Conor Sloane, 850 lates 
pages, . . . . . . + 2.50 WY 
pare, 
Raperines nts upon the Transmission of Power oy Compressed Air in Paris, W 
by A. B. W. Kennedy, F. R.S., M. Inst. E., Emeritus Professor of abe, 
eee in University C ollege, eS, "The Transmission and W 
Distribution of Power from Central Station by Compressed Air, by vy 

William Cawthorne Unwin, B. 8. C., F. R. 8., M. Inst. C. E . gee. W 
: . ba 
The Transmission of Power by Compressed Air, by Robert Zahner, M. E., soc. WY 
ys [Ty] 
Forwarded postpaid on receipt of price. W 


‘©COPMPRESSED AIR,”’’ 26 Cortlandt st., 


New York. 
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EMPIRE AIR TOOLS. 


All Working Parts Incased. 
Gears Run in Oil Chamber. 





An important feature which is found 
in NO OTHER pneumatic drill is an 


oil chamber enclosing the gears and bear- 





ings, allowing them to travel in oil, and 
avoiding wear, friction and frequent 


oiling. 


No. 00 Drill, Capacity 3/16 in. weight 5% Ibs. 
No. 0 Drill, Capacity 7/16 in. weight 10% Ibs. 
No. 0 Extra Drill, Capacity 34 in. weight 15 lbs. 
No. 1 Drill, Capacity 1 in. weight 35 Ibs. 

No. 1 Extra Drill, Capacity 1} in. weight 49 Ibs. 
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No. O BREAST DRILL. 








PNEUMATIC MOTOR HOISTS. 


Xs 





Take little head-room. 

Light, easily handled. 

Not dependent on air pressure 
to sustain load, 

Made in following Capacities: 
Differential, Class ‘‘A” Hoists 
3,500, 3,000, 5,000 and 10,000 
lbs. Friction Brake, Class “‘B’”’ 
Hoists, 800, 1,500 and 2,500 Its. 


vir 





Our goods are used by the 
U. S. GOVERNMENT 


\_ as | So er) in all NAVY YARDS 


DIFFERENTIAL HOIST. in the east. FRICTION BRAKE 
oisT. 
Send for I{lustrated Catalog. 


EMPIRE ENGINE & MOTOR CO., 


OFFICE AND WORKS: ORANGEBURGH, N. Y. 
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Established 1831. Annual Capacity 1,000. 


BALDWIN LOCOMOTIVE WORKS, 


Single Expansion aud Componnd Compressed Air Locomotives, 








Adapted to a great variety 
of service. Built to gauges 
andtemplets from stand- 
ard designs. 
Similar parts of different 
engines of same class per- 
fectly interchangeable. 
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Highest efficiency at- 
tained by compounding. 
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CAMERON STEAM PUMPS. 


Simple, 
Compact, 
Durable, 
Effictent. 


NO OUTSIDE VALVE GEAR. 
















ADAPTED TO EVERY POSSIBLE DUTY. 


MANUFACTURED BY 


THE A.S. CAMERON STEAM PUMP WORKS, 


Foot East 23d Street, New York. 
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Pneumatic Tools 
For 
CHIPPING, 
CALKING, 
BEADING, 
RIVETING, 
REAMING, 
DRILLING, 
LIFTING, 
And 
STONE 
CUTTING. 


They execute their duties in a 
thoroughly workman-like manner, 
doing their work rapidly and with 
the greatest accuracy. 

Send for catalog. 


THE Q. & C. CO. 


CHICAGO. NEW YORK, 





Q AND C HAMMER IN STEEL WORKS. 
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An Important Connecting Linkin Compressed Air Service. 


THE 


Moran Flexible Joint 


For high pressure, indispensable. 

Tightness, safety, flexibility and durability 
assured. 

Parties making experiments with Com- 
pressed Air may have the use of the “ Moran 
Joint” free for a limited time. 





MORAN FLEXIBLE STEAM JOINT CO., 


LOUISVILLE, - - . - - KENTUCKY. 
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THE COMPRESSED AIR MAGAZINE. 


A MONTHLY PUBLICATION DEVOTED TO THB USE- 
FUL APPLICATION OF COMPRESSED AIR. 


| 


SAUNDERS, - -  Kditor and Proprietor 


Ww. L. 
J. FE. QUINTERO, ee - sp . : 
M. E. VARIAN, . ; a 4 Associates 


¥ Subscription, including postage, United States, 
Canada and Mexico, $1.00a year. All other coun- 
tries, $1.50a year. Single copies, 10 cents. 








Advertising rates furnished on application. 


We invite correspondence from engineers, con- 
tractors, inventors and others interested in com- 
pressed air. 


Allcommunications should be addressed to Com- 
PRESSED AIR, 26 Cortlandt St., New York. 
London Office, 114a Queen Victoria Street. 
Those who fail to receive papers promptly will 
please notify us at once. 


Entered as Second-Class Matter at the New York 
N. Y. Post Office. 


VoL. V. JANUARY IgoI. No. II. 


The beginning of the new century 
seems to be a peculiarly fitting time for us 
to tell of the status of the compressed air 
motor in street car service, and it happens 
that just at the present time we Have also 
at hand data of sufficient interest and au- 
thority to warrant us in setting it forth. 
The readers of Compressed Air have 
been informed from time to time of the 
various installations of compressed air for 
operating street cars. Much of the record 
has not been of a character to encourage 
either the participants or the onlookers, 
and some who were interested and hope- 
ful have dropped out of sight in connec- 
tion with it. Compressed air seems, when 
first thought of, so simple in its operation, 
so easily understood, controlled and ma- 
nipulated, that it has not received the 
proper study of its conditions, and in con- 
sequence many crude experiments have 
ended unsatisfactorily. Those who have 
stuck to it are to be praised for their per- 
severance, and to be congratulated for the 
present promise of gratifying and endur- 
ing success. 

The most interesting installation proba- 
bly ever yet made of motor cars operated 


by compressed air is that of the 28th and 
29th street crosstown line of the Metro- 
politan Street Railway Company of New 
York. It is interesting, especially in the 
fact that it is a complete installation, no 
other cars being operated upon the line 
either night or day but the compressed air 
cars. In this plant, as elsewhere in com- 
pressed air trials, it would seem that the 
best conditions were not at the first insist- 
ed upon. Indeed some mistakes were evi- 
dently made. The tracks of this line were 
cheaply and hastily laid some ten years 
ago for the light horse cars of that time, 
with no thought of any heavier traffic, 
and the track had not been main- 
tained in proper condition, and upon this 
track the air cars were started. The 
tracks have since been relaid, and are now 
in fair condition for the service. We can- 
not but think also that it was a rash and 
risky thing to do to start a permanent ser- 
vice of this responsible character with a 
single unit of supply at the power house. 
However perfect and adequate the ap- 
paratus, there are too many possibilities of 
accident or derangement for the risk to be 
taken. The compressor in use is also of 
much larger capacity than the present ser- 
vice requires, it having been designed in 
contemplation of partially supplying a 
much more extensive service, which it 
was hoped would be and is now confident- 
ly expected, will be developed. The com- 
pressor is easily capable of supplying three 
times the number of cars now in service, 
or three times each day the business of 
that which it at present supplies. The 
compressor is now run at 27 revolutions 
per minute, when it might be run at 75 
revolutions. No larger force of men, of 
course, would be required for the in- 
creased speed, although a few more men 
would be required in the car shed. 

The following is an official statement of 
the running of the present cars since they 
have been in steady operation. It will be 
noticed in connection with this statement 
that the number of cars in operation at the 
beginning of the period was considerably 
less than at the last of it. On the day of 
the Sound Money Parade the running of 
the cars was stopped entirely by the ob- 
struction of the streets for eight or ten 
hours. 
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Record of Air Cars Being Operated on 28th and 29th Sts., N.Y.City.—Round Trip 5.5 Miles, 


Date. 1900. No. oF Cars in Opr. Round Trips. TOTAL MLGE. Torar Pass. CARRIED. 
Sept. 26 13 186 1023 13,271 

27 13 215 1182.5 13,724 

28 13 218 1199 13,710 

29 13 222 1221 15,544 

30 13 234 1287 11,840 Sunday. 
Oct. “1 13 222 1221 14,474 

2 15 219 1204.5 14,476 

3 15 252 1386 16,253 

4 16 256 1408 16,231 

5 16 270 1485 16,968 

6 16 269 1479.5 17,670 

4 15 239 1314.5 13,240 Sunday. 

8 16 269 1479.5 19,069 

9 17 302 1661 18,690 

10 17 302 1061 18,078 

II 17 340 1870 18,590 

2 17 320 1760 18,455 

13 17 332 1826 22,081 

14 18 245 1347.5 12,197. Sunday. 

15 18 330 1815 19,520 

16 18 346 1903 21,142 

17 18 340 1870 18,862 

18 18 328 1804 18,692 

19 18 341 1875.5 18,618 

20 18 334 1837 19,672 

21 18 245 1347.5 14,409 Sunday. 

22 19 330 1815 19,890 

23 19 324 1782 20,052 

24 19 343 1886.5 20,972 

25 19 354 1947 19.074 

26 19 349 1919.5 19,857 

27 19 356 1958 22,173 

28 18 245 1347.5 12,324 Sunday. 

29 19 331 1820.5 19,421 

30 19 335 1842.5 19,341 

3I 19 327 1798.5 19,062 
Nov. I 20 340 1870 19.274 

2 19 345 1897.5 19,978 

3 19 197 1083.5 12,730 Sound Money Parade. 

4 16 245 1347.5 13.470 Sunday. 

5 20 351 1930.5 19,846 

6 7 256 1408 15,440 Election Day. 

7 18 352 1936 21,317 

8 19 334 1837 20,274 

9 19 339 1864.5 19,194 

10 19 34! 1875.5 20,035 

II 16 244 1342 12,860 Sunday. 

12 20 338 18590 19,525 

13 20 353 1941.5 19,738 

14 20 354 1947 20,056 

15 20 352 1936 19,506 

16 20 352 1936 19,228 

17 20 353 1941.5 22,231 

18 15 245 1347.5 13.454 Sunday. 

19 20 348 1914 20,557 

20 20 338 1859 20,300 


21 20 350 1925 20,785 
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The following is the computed total cost of operating 20 compressed air cars on 


the 28th and 20th streets 


(New York) 
REPAIRS. 


line under present conditions: 
Cents per 
car mile. 


Including material, supervision, and 9 men, adjusting valves, piping, brakes, 
rods, peasses, lapar. etc... $95:00 per day... .. oo. icc cicceeaseeneewevcs Zz 


CHARGING STATION. 


Including oil, waste, foreman, charging gang 


etc., $28.00 per day 
POWER HOUSE. 


(2 shifts), oilers, cleaners, 


Including engineers, coal passers, pipe fitter, machinist, oilers, etc., and 16 


tons coal per day, oil, waste, etc., $82.50 per day 


RSPNiED OL CON UNE os co a von semis dso 
Conductors and motormen, inspectors, roadbed, ties and timber, removing 
snow, salaries of officers, switches, material, etc 


Cents per car mile 


The above computation is made on a 
basis of 1,750 miles per day, and although 
every charge is made for the present op- 
erating of only 20 cars, yet from 60 to 80 
cars could be operated by the charging and 
power plant without any material increase 
in cost, so that for a more extensive in- 
stallation the cost of operating would be 
materially reduced. 

As a reminder to our readers it will be 
well for us here to recapitulate the princi- 
pal features of the above installation. The 
air compressing plant and the shops are at 
12th avenue and 24th street. The com- 
pressor comprises a 1,000 h.-p. Reynolds- 
Corliss, vertical, cross-compound, condens- 
ing engine with cylinders 32” and 68” in 
diameter and 60” stroke, running with 
present load at 27 revolutions per minute 
under a boiler pressure of 150 pounds, the 
piston rods of the steam cylinders being 
extended below into the air cylinders of a 
four-stage Ingersoll-Sergeant air compres- 
sor. The successive diameters of the air 
cylinders are 46”, 19”, 13.75” and 6”, with 


the common stroke of 60”. Effective in- 
tercoolers are of course provided between 
the successive stages and after the final 
compression. The compressor is designed 
to compress 3,750 cubic feet of free air 
per minute to a pressure of 2,500 pounds to 
the sq. in. Four Babcock & Wilcox 
boilers of 250 h.-p. each supply all the 
steam for the compressor and also for the 
shops and for the hot water service of the 
motors, which latter is a future essential 
to their economical operation. 

The storage capacity at the station for 
the compressed air is now 1,050 cubic feet, 
which can easily be enlarged at will by 
addition of “bottles.” Two 
cars may be charged at once with air and 
with the hot water for reheating, the en- 
tire operation for each car requiring about 
two minutes. The cars can make two 
round trips for each charge. They have 
Pintsch gas lights, the most effective air 
brakes ever employed and means for heat- 
ing the cars during the cold season. The 
cars have each a storage capacity of 55 


successive 
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cubic feet of air at the maximum pressure. 
Nothing about the car in any way inter- 
feres with the passengers any more than 
in any other car. The operating devices 
on each platform consist of a reversing 
lever, throttle lever, air brake lever and a 
valve for shutting off the air storage. 
There is a pressure gauge visible, and a 
hand brake is retained for emergencies. 

The cars are 32 feet long over all, the 
body being 22 feet, and seating 30 persons. 
The weight of the motor truck is 11,000 
pounds and the total weight of the car in 
running order is 19,000 pounds. The car 
body is carried on elliptic springs that rest 
directly on the truck frame and are pivoted 
by special fulcrum to the car body. The 
driving wheel axles are journaled in regu- 
lar locomotive style, and have the usual 
driving box spring suspension. ‘The cars 
run steadily and smoothly and there is no 
jerking in stopping or starting. 

The first passage of the air from the 
storage system of the car is controlled by 
a valve on the platform. It first 
the reducing valve, beyond which the uni- 
form pressure of 150 pounds is maintained. 
Before entering the cylinders for work it 
goes through the hot water tank or re- 
heater. It enters at the bottom by small 
perforations in a long pipe lying along the 
top, and thence to the throttle valve. The 
use of the reheater has been experimentally 
proved to almost exactly double the effi- 
ciency of the air used. The 
proved cut-off valve gear high 
economy in the expansive use of the air 
in the motor cylinders under the wide and 
sudden variations of load. 

The report of the Metropolitan Street 
Railway Company for the year ending 
June 30, 1900, gives the relative and ac- 
tual costs of operating cable, electric and 
horse railroads. 


passes 


Hardie im- 


secures 


For horse cars the aver- 
age was 18.98 cents per car mile, the cars 
being much smaller than those of the other 
systems; for cable cars, 17.76 cents, and 


for electric cars, 13.16 cents. The figures 
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were made to include all expenses of op- 


eration and maintenance. The estimate 
given may be assumed to show very 
nearly the best attainable results by 


either of the systems at present. The 
figures given in the computations relating 
to the air cars evidently do not give the 
best results, as the conditions are far from 
being the best that can be secured with our 
The 


was stated, is very much too large for the 


present knowledge. compressor, as 
present service and works at a constant 
The plant has all the disadvantages 
of a new plant in the inexperience and 
lack of trained judgment of the men em- 
ployed. It is to be noted that the ex- 
penses for repairs, two cents per car mile, 


loss. 


are even now remarkably low for any sys- 
tem except the horse-car. On a recent 
visit to the shops we asked the superinten- 
dent what the repairs chiefly consisted in, 
and he said that there were really no re- 
pairs required, what went under that term 
was the occasional taking up of the brasses 
and the usual readjustments of the work- 
ing parts, as with a first-class locomotive. 
Of the 20 cars, which is the total number 
on the line, there is seldom more than one 
The 
estimate of the Compressed Air Company 
that the running expenses can be reduced 


at a time undergoing these “repairs.” 


to 13.57 cents per car mile, when the con- 
ditions are all correctly adapted to the 
work, does not seem to be unreasonable. 
With this figure crowding so closely the 
operating expenses of the electric cars it is 
to be remembered that the air cars have 
not in addition the enormous fixed charges 
for the construction of the roadbed which 
the electric cars labor under, so that with 
this load added to the electric service the 
balance is greatly in favor of the air cars. 

The most important practical evidence 
of the favorable light in which the com- 
pressed air cars are at present regarded is 
in the fact that the installation of which 
we have formally 
taken possession of by the Metropolitan 


been speaking was 
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Street Railway Company on Dec. 13th last, 
This does not necessarily mean that this 
system is at once to be adopted in place of 
the large number of horse cars still run- 
ning upon the various crosstown and other 
lines of the city, but that it has at least so 
far demonstrated its desirability as to 
make it worth while for the greatest street 
railway system of the world to undertake 
for itself to get at the bottom facts in the 
case. The full service is to be maintained 
upon the line where it is now in operation, 
and trials of the Hardin cars are soon to 
be made upon other lines. Not only the 
general principles of the system and its 
general efficiency is to be completely deter- 
mined, but it is also necessary to know 
the size of car and the motor and storage 
capacity best adapted to all conditions. 
Another car is nearly completed which 
embodies in every detail of it every im- 
provement which experience has suggested. 
This car is to have a considerably in- 
creased storage capacity, so that it will be 
capable of running 25 miles upon a single 
charge of air, and this car will be tried 
upon any line that may be suggested. The 
absolute independence of these cars when 
charged leads to many suggestions of com- 
bination routes for them to run on, as with 
an omnibus system, for the accommoda- 
tion of the public by quick transit and the 
avoidance of transfers. Other things be- 
ing equal, the independence of all connec- 
tion with the power house and the easy 
manipulation of the car as long as its 
charge holds out give the air cars a great 
advantage, to which is to be added their 
speed and safety and smoothness of run- 
ning. 

At present it must be said that the com- 
pressed air car in New York is command- 
ing respectful consideration. Too much 
can scarcely be said of the engineering 
ability and farsightedness of Mr. Robert 
Hardie, who so long ago so completely de- 
signed the present system of operation and 
of the perseverance both of himself and of 
Mr. H. D. Cooke, who is still pushing as 
resolutely and as earnestly as ever. 


The “ Belly Pounder.” 


A very novel application of the Steam 
Rock Drill is shown in the illustration on 
our cover, and in this form is known 
among the packing houses as a “Belly 
Pounder,” or, to speak more plainly, it is 
used in taking the “kinks” out of the hog 
bellies and straightening them out, as they 
come to the machine in a frozen state, after- 
wards being cured and packed in boxes for 
shipment. The machine shown in the photo- 
graph is a modification of the Rock Drill, 
with the rotating mechanism replaced by a 
straight guide, forcing the piston to strike 
a direct, straight blow without rotating. 
The piston has a specially forged head, to 
which is bolted a wooden block, or pad- 
dle, about 8” x 14” and 2” in thickness. 
Instead of the usual form of crank on the 
feed screw, it is replaced by a pair of 
bevel gears and extension crank, locating 
the handle convenient to the operator 
standing on the floor. This permits of the 
raising or lowering of the machine to ac- 
commodate varying thickness of meat. 
The mounting shown is the regular double 
screw column, such as is used for mount- 
ing the drill in tunnel work, the drill be- 
ing attached to the arm in the same man- 
ner. The cylinder of the machine is 234” 
in diameter, and it can be operated with 
compressed air as well as steam. 

This “Pounder” is now being used by 
quite a number of the large packers, sev- 
eral of the machines being in operation 
at the Union Stock Yards, Chicago. The 
illustration shown was made from a 
photograph taken at the works of The 
International Packing Company, Chicago. 
The saving effected by their use will be 
appreciated when it is stated that with one 
of these machines a packer is able to take 
care of 400 hogs per hour, or to pound 
800 bellies in that time. The users report 
that the work is much better done, requir- 
ing less trimming and waste. This, with 
only two men necessary to the operation 
of the machine, where they formerly em- 
ployed six men with paddles to accom- 
plish the same amount of work by hand; a 
saving in labor of four men. This item 
alone would in a short time more than pay 
for the cost of the machine. 








Pumping by Compressed Air. 


(CONTINUED.) 


By E. A. 


Rix. 


Suppose we have six equal-sized tanks, 
A, B, C, D, E, F (Fig. 8), arranged above 
each other at distances that we _ shall 
shortly determine. Suppose tank A, sub- 
merged in a sump and an air pipe con- 
ducting compressed air at g0 pounds to 
this tank. krom each tank to the one 
above there is an air pipe leading from 
the bottom of the lower tank to the top 
oi the upper one, as shown. From each 
tank to the one above, there is a water 
discharge tank leading from the bottom 
of the lower one to the bottom of the up- 
per one, as shown, and having a check 
valve on its lower end to keep it full of 
water. From tank F the discharge is to 
the surface G. On each tank is a 
check valve, C, opening the tanks to at- 
mosphere whenever the pressure falls to 
atmosphere within the tanks, and closing 
them whenever the water rises against 
them. Now ii tank A be full of water, 
and air at 90 pounds be admitted, the 
water will be displaced into the tank B, 
a distance of 210 feet, just as it did with 
the Merrill pump, but when the water is 
all discharged from A, and just before the 
water discharge pipe is uncovered, the air 
pipe leading to tank B is uncovered and 
the air passes up into tank B, expanding 
against the water and pushing it up into 
tank C, a distance equal to one-half the 
absolute pressure of 90 pounds. This 
must be so, because tanks A and B being 
equal the pressure becomes 37.5 pounds 
in both of them when they contain air 
and not water, so now we have the water 
in C at 87 feet above B, and in a similar 
manner it will be pushed into D and E 
and F and finally out at G, distances 46 
feet, 25 feet, 14 and 6 feet, respectively, 
corresponding to 1/3 and 1/4, 1/5 and 1/6, 
the absolute pressures of 90 pounds. 
When F is empty the whole system is 
full of expanded air at 2.5 pounds, at 
which pressure it exhausts into the atmos- 
phere. No mechanism is necessary ex- 
cept the one small valve mechanism simi- 
lar to the Merrill device, and this admits 
air into A at proper intervals. The rest 
of the tanks take care of themselves. If 
fine economy is not required, only the 
water pipe need connect the tanks; the air 
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pipe may be eliminated and also the check 
vaives in the water pipes, and the air will 
drive the water from tank to tank and 
finally escape. The check valves C will 
then drop open and air may be again ad- 
mitted at A. The water pipes, being al- 
ways full, do not form clearance. It mat- 
ters not how much water is left in the 
bottom oi the tanks so long as they are 
all alike. That does not form clearance, 
and, so long as the tank is full before the 
valve switches, there is practically no 
clearance. The air as admitted to the 
tanks is made to bubble up through the 
water in small bubbles, through a false 
bottom, and thus the expansion is made 
isothermal. 

The system can be made‘double, or in 
any number of units, so that the discharge 
may be constant. The objection to the 
system for shaft work is in the space re- 
quired for the tanks, which might not 
be objectionable in some places. For 
outside pumping it would be efficient and 
easy to install. As to economy, not much 
of a calculation is necessary to show that 
ii the Merrillypump did 175 foot gallons 
of work with one cubic foot of free air, at 
go pounds, and lifted the water 210 feet, 
this system with the same air will do 
175X388-210, or 320 foot gallons, because 
it has lifted the water 87+46+25+14+6 
feet, or 178 feet further, or a total of 348 
against 210. This makes the efficiency 
22x 388-210, or 40 per cent., quite an ad- 
vance over the efficiencies of direct acting 
pumps. 

Another peculiarity is that although 90 
pounds pressure corresponds to 210 feet 
head, it is lifting water 388 feet, so that 
the cylinder ratios, as it were, are inverse. 

If we now study diagram Fig. 9, made 
up from the action of this pump, and al- 
lowing that the expansion is isothermal, 
we have A, B, D, C as the original vol- 
ume at 90 pounds in the first tank. This 
expands to IX, F, D, I in the second tank, 
and so on to atmosphere after leaving the 
sixth tank. It is evident that the triangu- 
lar areas A, T, E, etc., six in all, are the 
expansion losses, but when it is consid- 
ered that these expansions furnish the 
dynamic head that overcomes the element 
of time and pipe friction, we see that even 
if there is loss, it is necessary, and if the 
air had expanded along the isothermal 
line we would have been obliged to have 
added to ovr initial pressure and quantity 
to have overcome these resistances, con- 
sequently, as a pump, it has a high ef- 
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ficiency, for it utilizes about all the ex- The card being 7 inches long, 7 atmos- 
pansion energy of the air. To calculate pheres high and 1 atmosphere to the inch, 
it from the card without planimeter, we we have: 


have as follows: M. E. P. isothermal 





28.89 pounds. 
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Multi-Chamber Lift with Expansion. 
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We know that Area of Card x Spring- 
Length=M. E. P.; therefore, M. E. P. 
x Length-Spring=Area, or, in this case, 
28.89x7-15=13.41 square inches. 

The card being lined to square inches, it 
is easy to add up the effective area, and 
we find it to be 7+7/2+7/3+7/4+7/5+ 
7/0-7x1-.05, the latter being the area 
R, Q, Y, or 18.15-7.05==11.10 net area. The 
curve area being 13.41, the efficiency of 
the pump=II.10-13.41, or 82 per cent., and 
for the efficiency of the system with sim- 
ple compression, we have as before, the 
adiabatic area 18.66, and the work area 
11.10 divided by this, gives 59 per cent. 
efficiency for the system. Allowing for it 
the same ratio of losses, viz., 7 to 9, as 
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Diagram of Multi-Displacement Pump 
using Expansion. 
FIG. 9. 


we did the Merrill, we have 59x7/9=413-9 
=45 per cent., net, nearly the same fig- 
ures we had before. With a compound 
compressor I should look for 50 per cent. 
efficiency in this system, and I hope the 
suggestion will prove interesting enough 
to encourage some one to try it. 

We come now to what I deem the most 
interesting and useful class of compressed 
air pumps, viz., the motor displacement 
pumps, using more or less expansion, 
otherwise called compound, or multi-cyl- 
inder pumps. 


COMPOUND OR MULTI-CYLINDER PUMPS. 


Judging by results, these are very lit- 
tle understood, even by the people who 
build them, so far as their use of com- 
pressed air is concerned. The general 
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idea has been that if the expansion of ai 
produces such low temperatures that it 
irequently ireezes a simple pump to a 
stop, it would be an unwise proposition 
to try further expansion in a compound 
pump, and consequently the compressed 
air users have practically avoided multi- 
cylinder pumps. 

[ shall hope to show that even a 
triple or quadruple cylinder pump may 
be not only operated safely but economi- 
cally with no further addition of heat 
than that supplied by the water itself. 

Before that, however, I shall speak of 
the phenomenon of freezing. This is a 
very simple matter, easily explained and 
easily prevented. The compressed air be- 
used at iull pressure in the pump 
cylinder, is then exhausted, and, doing 
its expansion work within and about the 
exhaust ports, reduces their temperature 
until ice is formed in the exhaust, which 
finally closes the opening. I believe the 
action to be cumulative, and on the same 
principle used in making liquid air, for I 
have noticed that when once the pump 
cylinder becomes quite cold the choking 
proceeds more rapidly, the idea being that 
the colder the air previous to exhaust the 
colder will be the exhaust, which in turn 
makes the cylinder colder and thus the 
cumulative action goes on rapidly. I 
have heard that makers have advised 
short ports and conically tapered ones, 
with no threads, to avoid freezing. | 
have seen pumps with steam injected and 
pumps with fires under them, and pumps 
submerged in a tank of water, all to avoid 
the ireezing. Where it is not desirable 
to reheat pumps with steam or hot air, 
there are, to my mind, two simple meth- 
ods of avoiding freezing. First, tap the 
discharge main with a quarter inch pipe, 
draw down the end of this pipe until the 
hole is the size of a knitting needle, in- 
troduce this small pipe well into the ex- 
haust of the pump, and let a small amount 
of water continually discharge therein. It 
will keep the temperature of the metal 
above the freezing point, and thus pre- 
vent freezing. The loss of water is very 
small. A pump doing to H. P. actual 
work, and using 250 cubic feet of free air, 
weighing about 20 pounds, would use, I 
should judge, about 10 to 12 lbs. of water 
per minute, or 1%4 gallons would be ample 
for the work. Or, if it is not desirable to 
waste this water, exhausting through a 
coil of thin pipe placed in a chamber, 
through which the suction or discharge 
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water circulates, will furnish heat enough 
to the expanding air to prevent freezing. 

The second method for preventing 
freezing would be to use compound 
pumps, properly arranged. This you will 
note is exactly contrary to the generally 
accepted practice. Inasmuch, however, 
as a compound pump is so different from 
two simple pumps having the same sizes 
of cylinders and using the same pres- 
sures, and inasmuch as the temperature 
drop on the initial cylinder is about one- 
half that of an equivalent simple pump, it 
is evident that it will not freeze, and if 
the exhaust be carried through a copper 
coil over which the water which is being 
pumped flows freely, the air will become 
about the same temperature as the water, 
and it will, thus reheated, pass to the com- 
pound cylinder at the same temperature 
as it entered the initial cylinder, and, 
passing from this cylinder, it will exhaust 
without freezing, and the pumping econ- 
omy will be advanced 30 per cent. or 
more. Each cylinder would thus dispose 
of about half the reduction of tempera- 
ture. If, however, no water heater was 
introduced between the cylinders, the in 
itial cylinder would discharge the air at a 
iarge temperature drop into the second 
cylinder. This gives a cumulative effect 
to the cooling at the exhaust of the sec- 
ond cylinder, and rapid freezing up would 
result. This has led every one to be- 
lieve compound pumps impracticable for 
cold air, but by the introduction of the 
water heated coil between the cylinders. 
without cost for the heat, the compound 
pump will not freeze and will be more 
economical. It is evident that the lower 
the range of pressures the less the range 
of temperatures and consequently the less 
liability to freezing. 

To return now to the compound, direct 
acting pump: Compound pumps of the 
better class can be given a mechanical ef- 
ficiency of 70 per cent., which covers the 
losses in the air and water cylinders and 
the friction in the pipes, with an allow- 
ance for dynamic head. Their economy 
depends upon the character and amount 
of the reheating applied to the air. 

There are four general classes: 

1. Reheating with the water pumped. 

2. Extraneous heating before the ini- 
tial cylinder. 

3. Extraneous heating before the com- 
pound cylinder. 

4. Extraneous heating before both cyl- 
inders. 


In the first class for mine pumping the 
temperature of the water may be general- 
ly assumed to be 60 degrees, and the 
heater is a shell filled with copper tubes 
and preferably made a part of the suc- 
tion pipes, the water owing around the 
tubes through which the air is exhausted 
irom the first cylinder to the second. A 
steam heater, of the Wainwright type, 
gives the idea, and about one square foot 
should be allowed to every five cubic feet 
of free air. As stated before, its action is 
to restore the compressed air exhausted 
irom the initial cylinder to normal tem- 
perature, thus delivering it to the second 
cylinder at the same temperature as the 
first, just reversing the action of the in- 
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Diagram of Compound Pump, Water 
Reheated. 


FIG. 10, 


ter-cooler during compression, and inas- 
much as the cylinders use the air at prac- 
tically full pressure, the expansion takes 
place in the reheater, and the diagram, 
Fig. 10, shows what takes place as far as 
economy is concerned. B, C, E, D is 
taken at 70 per cent. of the volume fur- 
nished to the pump to cover the me- 
chanical efficiency. This expands to 2.65 
times its volume (when the initial pres- 
sure is 90 lbs.), in the reheater, and F, 
E. H, G is the volume given the second 
cylinder. The areas=.7x(7-2.65)=.7x4.35 
=3.045+(1.855x1.65)=3.06—6.1 square 
inches. It will be noted that the work in 
both cylinders is alike—6.1-18.66=32.7 
per cent, against 19 per cent. that we 
figured by the same method for the sim- 
ple pump. A very large gain and costing 
nothing to maintain, the first cost of the 








1163 


heater being small. I cannot conceive 
of a more forcible argument in favor of 
compound pumps. 

For compound compression this effi- 
ciency will be increased to S7.5 Per cent. 


If our simple pump did 135 foot gallons 





Compound Direct-Acting Pump. Reheated 
to 300° before the Initial Cylinder. 


FIG. Il. 


of work, then this style of compound will 
Zive 135x32.7-19—232 foot gallons for a 
cubic foot of free air compressed to 90 
Ibs. gauge. 

In compound pumps where we have 
extraneous heating previous to the admis 
sion of the air into the initial cylinder, 
let us suppose the heating to be to 300 de 
grees Fah., this will be sufficient to in- 
crease the volume from 7/Io in our for 
mer example to I, in other words, to 
offset all the mechanical losses in the 
pump, and the initial cylinder will be 
full of air at 90 lbs., and at 743 degrees 
absolute or 283 degrees Fah. When the 
air is exhausted from this cylinder into 
the low pressure cylinder there is an ex- 
pansion ratio of 2.65 between the cylin- 
ders, provided there is a small receiver 
between the two cylinders, the tempera 
ture will drop a ratio of 1.32, or, consid 
ering the losses by radiation, will reach 
60 degrees again and will enter the low 
pressure cylinder in precisely the same 
condition that it did in the former case, 
and with the same volume, consequently 
we have no gain in this way of reheat- 
ing, except for the initial cylinder, unless 
the heating be carried so that the cylin- 
der will receive it at more than 300 de- 
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grees, which might not be practicable. 
In Fig. 11 we have added the area 1, 
B, D, J to our diagram, Fig. 10, and the 
area of useful work will be 1x4.35+3.06 

7.41, and, the compression area being 
18.66, the efficiency is 4 40 per 
cent., against 32.7 per cent. in the former 
case, and for compound compression this 
will be 40 per cent., and the foot gallons 
of work will be 280 for each cubic toot of 
free air compressed to go lbs. gauge. 

li, however, there be a reheating be- 
tween the two cylinders to about 300 de- 
grees Fah., then the volume entering the 
low pressure cylinder will be increased 
about 1.43 per cent., and instead of 1.85 
as in Fig. 11, it will become 2.65 and oec- 
cupy the area shown as K, E, H, L, as 
per Fig. 12. 

1e useful area in this card will be 4.35 
35--8.70, and it will be noted that the 
vork is the same in both cylinders. and 
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the final efficiency will be **° 46 
per cent., and if compound compres- 
sion is used it will become 53 per cent., 
and the foot gallons of work which it 


will perform will be 326 
It will be noted that the points K and I 
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Compound Direct-Acting Pump Reheated 
to 300° before Initial and Low Pressure 
Cylinder using Fuel Pressure Only. 


FIG, 12. 


that we have utilized completely the full 
pressure work within the isothermal 
curve, using two expansions, and if three 
cylinders be used, and proportioned by 
the same rule. we make a still further 
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gain and our diagram, Fig. 13, will give 
54 per cent. for simple compression and 
62 ior compound compression, and the 
foot gallons of work it will perform will 
be 383, and these figures are perfectly 
practical and rather under the mark. 

It is easy to see that more cylinders 
would add to the economy, but inasmuch 
as three are practical and four are too 
many, we may as well stop here, and for 
more economy on this system the reheat- 
ing must be carried higher, and inasmuch 
as 4oo degrees is perfectly practical and as 
easy to obtain as 300 degrees, this would 
add 16 per cent. to our percentage of card 
area, and would give 63 and 72 per cent. 
respectively, and our foot gallons of work 
would be 444 foot gallons, and the dotted 
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3-Cylinder Reheated Compound Pump, 
using Full Pressure Only. 


FIG 13. 


lines on the diagram will represent the 
shape of the card and show how it may 
extend over the isothermal curve. This I 
call the practical limit. 

In the diagrams shown I have always 
assumed that the second or third cylin- 
ders are so proportioned that there is no 
increase of pressure by reheating, simply 
increase of volume. 

We have seen that a cubic foot of free 
air at 9o lbs. pressure will perform, un- 
der proper conditions, 444 foot gallons of 
work. This is 3,685 foot Ibs., which may 
be decreased 5 per cent. as the cost of re- 
heating, making net 3.500 foot lbs. of 


work. On account of the 70 per cent. ef- 
ficiency of the compouna pump, we gave 
It one cubic foot of free air in our cir- 
culation and called it 7/10. The air it- 
self must be given credit for this, and if 
in the 70 per cent. efficiency pump it did 
3,500 feet of work it really was yielding 
up *°°°, or 5,000 foot Ibs. 

It takes 5,600 foot lbs. of work to com- 
press this air in a compound compres- 
sor. ‘the air has therefore shown in its 
work an ethiciency of 90 per cent. as a 
motive power at go lbs. pressure, in tri- 
ple, compound, direct-acting pump cylin- 
ders, triple reheated to 300 degrees, a re- 
sult entirely different from what we are 
generally almost forced to believe. 

Fig. 14 is a copy of a pair of actual 
cards illustrating the principle of full 
pressure working. It will be noted that 
the expansion shown is small, and if the 
reheater had a little larger capacity the 
diagram would be rectangular. Unfor- 
tunately, at the time these cards were 
taken, the pump was throttled, and the 
air was wire-drawing from 7o lbs. to 50, 
so that its efficiency is diminished. The 
pump, however, was delivering 396 gal- 
lons per minute 390 feet high and con- 
suming 600 cubic feet of free cold air at 
50 Ibs. pressure, and giving 250 foot gal- 
lons per cubic foot of free air, at 50 Ibs. 
pressure, with an efficiency, referred to 50 
lbs. of 65 per cent., referred to 70 Ibs. 
of 52 per cent., the total energy from 
70 to 50 being lost in the throttling of 
the pump. It illustrates, however, our 
proposition and confirms our figures. 

I believe that it is the idea in general 
that the best result in compound pumps 
using compressed air is to get as much 
expansion within the cylinders as is pos- 
sible, and the highest efficiency which 
could be obtained in this manner would 
be when there is no drop whatever be- 
tween the high and low pressure cylin- 
der, and the air is expanded to atmos- 
phere in the low pressure cylinder, as 
shown by the ideal card, Fig. 15. This 
would require heating to 454 degrees 
Fah., the temperature of adiabatic com- 
pression. 

The practical action of a once reheat- 
ed compound pump is as follows: The 
air enters the high pressure cyyinder, we 
will say, at a temperature of 200 degrees, 
and at 100 Ibs. pressure. This air oper- 
ates at full pressure throughout the whole 
stroke, and there is no drop whatever in 
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its temperature. The exhaust valve opens; 
there being a considerable space between 
the high and the low pressure cylinder, 
in the shape of pipes and clearances, and, 
if there be an intermediate reheating, in 
the additional space for the reheater; the 
pressure immediately drops, we will say, 
to 50 lbs., and the temperatures suffer in 
adiabatic proportion to the absolute pres- 
sures. 

This expansion from 100 to 50 lbs. does 
no work whatever and is entirely lost. 
The volume of air shrinks in proportion 
to the absolute temperature, and then 
passes into the low pressure cylinder, and 
immediately commences to expand there- 


JULY 30, 1900. TEMPERATURES 
Between Heater and Throttle, 248° 
te Throttle and H. P. Cylinder, 200° 
Exhaust H, P., 7§0 
Inlet L. P., Rg? 
Exhaust L. P., 134° 

JULY 30, 1900. TEMPERATURES 
Between Heater and Throttle, 229° 
- Throttle and H. P., 1g6° 
Exhaust H. P., 769 
Inlet L. P., 283° 
Exhaust L. P., 133° 


in as the piston commences to move. 
Here will be a case of adiabatic expan- 
sion, for the temperature in the cylinder 
must drop as the pressures drop, and the 
expansion takes place adiabatically to the 
end of the stroke, where, with a terminal 
pressure, we will say, of ten lbs., it drops 
out into the atmosphere at a tempera- 
ture probably a few degrees below that 
of the atmosphere. 

The M. E. P. of the expansion from 50 
Ibs. down to, say, 10 Ibs. not a very 
large proportion of the total possible ex- 
pansion work of the air from too lbs. 
down to to lbs., and this is still further 
reduced by the fact that while we have the 
expansive work in the low pressure cylin- 
der we have also a variable back pressure 
on the high pressure’ cylinder, which 
means an unequal load on the piston and 
a consequent variable speed. 


is 


FIG. 
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An attempt has been made to realize 
the work of expansion between the two 
cylinders, but owing to the natural me- 
chanical construction of the pump it is 
impossible to realize more than a small 
part of it, and 1 believe the correct meth- 
od of operating these pumps is to do all 
the expanding between the cylinders and 
restore the volume by reheating, and use 
only full pressure in the cylinders. We 
avoid any temperature drops in the cyl- 
inders and we have a constant pressure 
therein and a consequent constant speed 
and constant back pressure. 

In a compound pump the proportion 
of the low pressure cylinder to the high 


Air Gauge, 70 Lbs. 

Water Gauge, 160 ‘ No. 13. 
Stroke, 14\4"Lbs. W.H. P. H. RB. 
Revs. p. m., 24 Spring 4o. 
H. P. Cylinder, 16 inches. 

Air Gauge, 72 Lbs. 

Water Gauge, 160 ‘ No, IT. 
Stroke, 1444 Lbs. wi, ©. 2. 
Kevs. p. m.. 23 Spring 1 


L. P. Cylinder, 25 inches. 
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will then be larger than is in use at pres- 
ent, for the low pressure cylinder will be 
operated at its terminal pressure through 
out the stroke; in other words, the card 
will be rectangular. 

We believe that instead of using two 
cylinders, with a greater ratio of areas, 
that it would be better to use three cyl- 
inders and proportion the areas between 
them, so as to have the terminal pressure 
desired. In this way the drop between 
the cylinders would be small, and the op- 
portunity to take advantage of double 
heating would be considerable, and the 
ideal situation, theoretically speaking, 
would be where a large number of cylin 
ders would be in operation, one after the 
other, with only a sufficient drop between 
them to give them the necessary dynamic 
head. The combined card would then 
represent a series of steps considerably 
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overlapping any possible card that could 
be made by an adiabatic expansion. 

If it were possible ordinarily to expand 
without drop from the initial pressure, 
there would be no criticism of ordinary 
methods, but, inasmuch as a drop must be 
made, the question naturally arises, is it 
not better to make the complete drop and 
take advantage of the situation when the 
drop occurs and which is neglected when 
a combination is made of half drop and 
half expansion? The Comstock offers 
every possible opportunity for this kind 
of a proposition. The temperature of the 
water is 120 degrees, and the pump and 
the water and the intercoolers and the 
air and everything will always be at that 
temperature, except if the air expands in 
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Air Heated to 


any one of the cylinders, and it is well 
known that air is such a poor conductor 
of heat that no matter if the cylinder 
walls be hot it will drop its temperature 
in expanding; in other words, the expan- 
sion in the cylinders would be adiabatic, 
whereas, if a complete drop is made and 
the temperature restored between the cyl- 
inders, and then it is used in the cylinders 
at full pressure throughout the stroke, it 
will approach nearer an isothermal ex- 
pansion for the air than in any other kind 
of a practical method with direct acting 
pumps. 

The economical expansion of air must 
ever be the exact reverse of the economi- 
cal compression of air, and the ideal air 
compressor would be one of many stages 
with a small rise in pressure between each 
two stages, just sufficient to keep the air 
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moving, and an intercooler to take out 
the small increment of heat for each 
stage, making practically rectangular 
cards between the stages; and the natural 
reverse of this, for the economical expan- 
sion of air, would be a multitude of cyl- 
inders with sufficient drop between them 
to maintain a circulation of the air, and 
reheaters between each two cylinders, 
making a practically rectangular card for 
expansion in each cylinder. 

As illustrating the principle which I ad- 
vocate, attention is called to the diagrams 
Fig. 16, which are from a compound 
pump with the air reheated before enter- 
ing the initial cylinder to 165 degrees 
Fahrenheit. This pump is doing fair 
work, raising 450 gallons per minute 424 
feet high. It receives air at 63 pounds 
gauge and 165 degrees Fahrenheit, takes 
air at practically full stroke, exhausts into 
the pipe connecting the two cylinders, 
drops to 35 pounds gauge and gradually 
expands, as back pressure against the 
high-pressure piston, until 12 pounds is 
reached. The low-pressure piston re- 
ceives the pressure at 27% pounds and the 
air is expanded to 11.5 pounds, and it then 
exhausts against 2 pounds back pressure 
into the atmosphere. 

Assuming the volume of the high pres- 
sure cylinder to be one cubic foot, and 
having no clearance, etc., inasmuch as we 
are about to make a ‘comparative state- 
ment, we find that the foot pounds of 
work on the high-pressure piston is 6,797 
foot pounds, and on the low-pressure pis- 
ton, 1,581 foot pounds, a total of of 8,378.5 
foot pounds, 

Now let us consider another method. 
If we use the air at 63 pounds on the same 
high-pressure piston and let the exhaust 
make a complete drop to 11.5 pounds, the 
work on the high-pressure piston will be 
7.416 foot pounds, and if we reheat the 
air in the receiver to 165 degrees and 
make the low-pressure cylinder of such 
a size that after receiving the air at 11% 
pounds it will exhaust at 2 pounds, thus 
preserving the relation of the previous 
problem, the cylinder ratio will be 3.06 
and the work on the low-pressure cylinder 
becomes 4,186 foot pounds, making a 
total of 11,602 foot pounds, or a gain of 
40 per cent. 

Suppose we make it a triple cylinder 
pump and make each cylinder do the 
same work and reheat to 165 degrees be- 
fore the first and between each two, and 
use the same two pounds back pressure, 
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then the initial cylinder will take the 
pressure at 63 pounds and do 4,550.4 foot 
pounds, the intermediate will take the 
pressure at 31 pounds and do 4,450.4 foot 
pounds of work, and the low-pressure cyl- 
inder will take the pressure at 12.4 and do 
4,550.4 pounds and exhaust at 2 pounds 
back pressure, making a total of 13,651 
foot pounds, or a gain of 64 per cent. The 
pump is now doing about 220 foot gallons 
of work. If we add 64 per cent. to this 
we will have 360 foot gallons. We claimed 
383 in our former diagrams, for higher re- 
heating, which checks results quite nicely. 
The cylinder ratio in the above will be for 
equal work in the cylinders, the cube 
root of the ratio between initial and abso- 
lute pressures, 1.7, making the pressure 
62 31 and 12.4, respectively. The atmos- 


pheric pressure was in this case 13.5 
pounds. 
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heater the deposit of mud on the tubes 
could be readily detected by noticing the 
increased air consumption. It is very 
evident that the more successive air cylin- 
ders on a pump, the less drop in pressure 
will be made from one cylinder to anoth- 
er, and, consequently, less dropping of 
temperature. It is for this reason that in 
a multi-cylinder pump water at ordinary 
temperatures, acting through a number of 
cylinders, will yield up as many and per- 
haps more heat units for useful work than 
a high temperature reheating before the 
first cylinder. It gives more time for cor- 
rection, and with air, which is a poor con- 
ductor, time is required. 

Referring to our last example, using 
three cylinders, it is evident that if the 
water was at 60 degrees Fahrenheit the 
only difference in results would be the in- 
creased volume due to the higher temper- 
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Cards from Compound Pump 14” + 24” Cylinder. 
Initial Cylinder. 


Heated to 165° before 


FIG. 16, 





Your attention is particularly called to 
the difference between steam and air prac- 
tice, for here is a triple expansion, so 
called, operating with 63 pounds initial 
pressure properly. The number of cylin- 
ders that could be properly used would 
have to be determined by practice, the 
limit being when theit mechanical de- 
ficiency offsets their economy. 

There are many places where it would 
be inadvisable to use fire or steam for re- 
heating, on account of heat or annoyance 
or expense, and it is in such situations 
that what I term a water reheater will 
supply enough heat units to render the 
pumping economical. A _ general illus- 
tration is given in Fig. 16%, which shows 
how the suction water may, in passing 
around corrugated copper tubes, render 
valuable service in heating the air. 

In actual practice the difference in the 
number of revolutions of the compressor 
to do the same work speaks immediately 
for the economy of the apparatus. In 
pumping muddy water through the re- 


atures. This we counted as 1/5. De- 
ducting, therefore, 20 per cent. from 13,- 
651 foot pounds, we have 10,921 foot 
pounds, which would be accomplished on 
the water-heating plan, which is more 
than was accomplished by heating the 
initial cylinder of a compound pump to 
165 degrees. Please note that this heat- 
ing costs nothing, and the extra cost of 
the pump should not be considerable. If 
by water reheating a triple cylinder pump 
will do 300 foot gallons per minute, the 
cost for pumping water would be one- 
half what it would be in an ordinary di- 
rect-acting pump, which power saving 
would of itself soon pay the cost differ- 
ence. 


COMBINATION OF DISPLACEMENT 
AIR LIFT. 


AND 


It seems proper under the head of air 
lift pump to speak of the Wheeler Pneu- 
matic Pump, which is a combination of 
displacement and air lift, and can be used 
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in places where there is no proper sub- 
mersion for the air lift. In fact, the sys- 
tem might be called an air lift system with 
artificial submersion, shown generally in 
Fig. 17. 

The pump has two displacement cham- 
bers and an automatic valve attached, sim- 
ilar to the Merrill pump, and the displace- 
ment action takes place similarly, one 
chamber filling while the other empties, 
the exhaust being into the atmosphere 
and the expansive work of the air being 





1168 


ordinary steam or air driven direct acting 
pumps of moderate size and as used un- 
derground in mines; that the operating 
expenses could generally be expected to 
be considerably lower than for such 
pumps on account of the slight cost for 
repairs and the replacement of worn 
parts; that it should require less skill and 
experience to operate and maintain this 
pump than a direct acting pump. The ef- 


ficiencies found might be somewhat in- 
creased in cases where a very efficient 


Device for Water Heating of Air.-- Pat. June 7, 1898. 


FIG. 
lost. The Merrill pump discharges from 
the chambers directly to the final point of 
delivery, while the Wheeler pump keeps 
the discharge pipe filled with water at a 
certain height, and an air jet at its lower 
extremity “‘air-lifts’” this water to the final 
delivery. H. C. Behr, Esq., tested this 
pump during 1899, and his conclusions in 
his report are as follows: That the ef- 
ficiency of the machine, as tested, is such 
as to compare not unfavorably with the 


17. 


compressing plant is available. The ef- 
ficiency will not compare favorably with 
high-class, air-driven compound pumps 
reheated. The objection to the pump is 
that it is not capable of raising the water 
by suction, and is thus incapable of charg- 
ing itself. It must be submerged, or the 
supply must be higher than the. water 
chambers. 


(To be Continued.) 
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Air Compressor Explosions.” 
By Alfred George White. 


EXPLOSION IN A COPPER MINE. 


The air compressor was employed for 
the purpose of supplying air to rock drills 
and hoisting engines in a copper mine in 
Norway. The usual working pressure be- 
ing between 50 and 60 pounds, the safety 
valve of the receiver was loaded to blow 
off at the latter pressure. It had been con- 
tinuously at work for seventeen years, and 
was of English make, with two horizontal 
air cylinders, 24 inches in diameter and 36 
inches stroke. The motive power was sup- 
plied by a high-speed turbine on a hori- 
zontal shaft, upon which a pinion was 
keyed, gearing with a spur wheel on the 
compressor driving shaft. On this shaft 
also there were keyed a heavy flywheel and 
two crank disks, which worked the air- 
cylinder pistons by means of connecting 
rods in the usual way. The inlet valves 
were plain circular valves with stems, four 
being placed in each cover of the air cylin- 
ders. Bell-crank levers fitted with coun- 
ter-weights were attached to the valve 
stems for closing the valves at the end of 
each stroke before compression com- 
menced, the atmospheric pressure opening 
them. simultaneously during the inward or 
inspiration stroke. The outlet valves were 
of the ball type, of solid brass, fitted in 
brass seats, two on each delivery port on 
the top of the cylinders, their action being 
regulated by the pressure of air in the cyl- 
inders and receiver. 

The cooling arrangements consisted of 
an open water jacket round each cylinder, 
the water supply being admitted near the 
surface on one side and_ discharged 
through an overflow pipe of 34-inch bore 
on the other side at the same level. The 
water surrounded the cylinders and air- 
delivery ports, and stood about 1 inch deep 
over the latter. The water supply and dis- 
charge being placed at the same level near 
the top, the water supply flowed over the 
surface and did not circulate round the 
cylinder. It will thus be seen how im- 
perfect the cooling action was in this in- 
stance. 

The oil used in lubricating the air cylin- 
ders was composed of crude fish oil and 
tallow mixed together, and was put into 
the cylinders through the inlet valves by 
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a@ common oil can. The lubrication, 
therefore, depended entirely on the atten- 
tion and skill of the attendant, and no 
doubt at times a greater or less quantity 
of oil was poured into the cylinders than 
was required, and any surplus was driven 
out through the delivery valves into the 
air pipes and receiver. 

The air receiver, placed inside the com- 
pressor-house, consisted of a wrought-iron 
cylinder about 20 feet long by 4 feet 6 
inches in diameter, and was connected to 
the air cylinders by an 8-inch cast-iron 
pipe. This pipe had an ordinary spigot 
and socket joint on the horizontal portion 
between the receiver and compressor. The 
joint was made of lead, run in and 
caulked, but owing to the contraction and 
expansion of the pipe it leaked, and had to 
be renewed from time to time. On the 
day of the ignition, and shortly before its 
occurrence, this joint had been renewed 
by running in molten lead against a hem 
pen gasket, and very soon after the com- 
pressor was started, flames blew out in 
great volume from the safety valve on the 
air receiver. The attendant succeeded in 
stopping the compressor within a few sec 
onds, but the flames continued for some 
time and set fire to the compressor-house, 
which was built of timber, and in the 
course of half an hour it was burned to 
the ground. 


WHAT CAUSED THE 


The author considers the cause which 
led to the fire breaking out in the receiver 
to have been the ignition of the oil ac- 
cumulated there and the use of molten 
lead in making the spigot joint of the pipe 
referred to, by which the oil must have 
been ignited in the pipe. On starting the 
compressor, the draught of the air created 
would cause the ignited oil in the pipe to 
set fire to the oil in the receiver, or the 
fire may have already spread to the re- 
ceiver. The products of the decomposi- 
tion of the large quantity of oil in the re- 
ceiver would, in conjunction with the air, 
form an explosive mixture. which, failing 
relief through the safety valve, might have 
resulted in an explosion. The cause of all 
explosions and ignitions of this nature can 
be traced to these phenomena. The case 
which occurred at the Westphalia Colliery 
in 1896, resulted in the destruction of the 
air receiver by bursting. In the present 
instance the rise of pressure does not seem 
to have been sudden enough to burst the 
receiver, and the relief afforded by the 
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safety valve averted this catastrophe. 
When the receiver was opened it was 
iound to contain a quantity of charred oil 
in the form of a sticky paste about 2 
inches deep in the bottom. The air pipes 
were coated inside with a similar sub- 
stance. The damage done to the com- 
pressor and receiver was, however, con- 
siderable, the riveted joints of the latter 
being started and the lead joints of the 
contiguous pipes and connections melted 
out. One cylinder of the compressor and 
one crank disk were cracked, as also were 
two arms of the turbine, which was placed 
inside the house burned down. The latter 
effects were chiefly due to the subsequent 
fire and the water which was thrown upon 
the heated metal. 

The primary cause of the fire was the 
accidental ignition of the oil by the ad- 
mission of molten lead into the pine re- 
ferred to, but the same effect may be pro- 
duced by an increase of air pressure, and 
consequently of temperature, to a point at 
which the decomposition of the oil and 
gnition of the air and gas mixtures takes 
place, or by the admission of coal dust or 
inflammable matter into the valves or cyl- 
inders of the compressor. The use of oils 
possessing low-flashing temperature from 
friction of metallic surfaces improperly 
lubricated is also an element of danger, 
besides defective water-jacketing and cool- 
ing arrangements. 

A similar ignition to the one mentioned 
by the author occurred in 1897 in the Clif- 
ton Colliery air receiver, and tests were 
made of the oil then in use, giving the fol- 
Iowing results: 


Flashing Point Ignition 
Close Test. Point. 
Sample No. 1....454° Fahr. 594° Fahr. 
Sample No. 2....460° Fahr. 588° Fahr. 


Lubricating oils of high-class manufac- 
ture, distilled from petroleum and used 
for high-pressure steam engines, give 
flashing points of from 530 to 560 degrees 
Fahr. (open test), and ignition points of 
from 600 to 630 degrees Fahr. It is, how- 
ever, sometimes the case that oils having 
a high flashing point are mixed with 
others having a much lower one, and 
therefore a guarantee should be demand- 
ed, or a test of the oil should be made. 
The flashing point of the oil used in the 
compressor described by the author, taking 
that of Arctic sperm, would be only 446 
degrees Fahr. It is evident that, given re- 
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liable oil of high-flashing point and nor- 
mal conditions of working for a well-de- 
signed air compressor, the danger of igni- 
tion is practically eliminated. 

About two years previous to the igni- 
tion described by the author, an explosion 
occurred in one of the cylinders of the 
same compressor, resulting in the de- 
struction of*the cylinder. The cause of 
this was not ascertained at the time, but 
it was probably due either to excessive 
friction in the cylinder or defective action 
of the valves, causing an increase of tem- 
perature and consequent decomposition 
of the oil, or to an increase in the air 
pressure sufficient to burst the cylinder. 





Loss of Loads in Air-Pipes.* 


STATE OF THE QUESTION. 


A great many authors have dealt with 
the loss of energy sustained by a certain 
volume of air in its passage through metal 
»vipes; but the coefficients published, cor- 
rect enough when applied to the pipes 
experimented with, no longer hold good 
when extended to those of sheet-iron or 
tin-plate, and there is great interest in de- 
termining the constants to be introduced 
into the general formula expressing loss 
of load in the air-pipes used in mines. 
The author’s method of experimenting 
was suggested bv the rémarkable labors 
of M. Murgue, who in the Bulletin of the 
Societe de l'Industrie Minerale, has shown 
in such a striking manner the influence 
exerted by the nature of the sides on the 
resistance opposed to the air’s motion 
through mine workings; and the former’s 
researches, which may be regarded as the 
complement of M. Murgue’s, permit of 
solving beforehand with sufficient exacti- 
tude the problem: 

“Calculate the energy necessary to draw 
through a line of pines, included in a given 
circuit, a given volume of air for ventilat- 
ing the face of a heading;” or inversely, 
“Given a pipe line of known length, na- 
ture and dimensions, forming part of a cir- 

* From a paper by M. Paul Petit, Chief Engin- 
eer of the Saint-Etienne Collieries, Loire,France, 
prepared for the International Congress on Min- 
ing and Metallurgy, held in connection with the 
Paris Exhibition. 
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cuit, calculate the air volume that will be 
drawn to the face by a given power.” 


MODE OF EXPERIMENTING. 


The time-honored formula expressing 
the loss of load due to the motion of air 
through pipes is 

Lp v* 

h=a” 5 4% 
in which a is a coefficient varying with the 
nature of the sides, L the length of the 
pipe, p and s the mean perimeter and sec- 
tional area, v the mean speed, and 4, the 
density of the air; and generally the nu- 
merical value given to a depends upon a 
depression (water-gauge), /1, expressed in 
millimetres (say inches) or kilogrammes 
per square metre (say pounds per square 
inch) of surface. Finding the value of 
coefficient a, that characterizes a pipe of 
known form and dimensions, is connected 
with a simultaneous determination of the 
motive depression, h, producing a current 
of mean speed, v; and the following are 
the instruments that were used in the au- 
thor’s experiments, with the methods em- 
ployed for measuring the intensity of the 
air-current and the loss of load corre- 
sponding with a given distance passed 
through. 


Pressure-gauge-—The remarkably cor- 
rect instrument used by Mr. Murgue, and 
lent by M. Marsaut, which permits of 
reading a difference of level correct to 
within one hundredth part of a millimetre, 
consists essentially of two glass flasks of 
very different diameters, connected below 
by an indiarubber tube. It is only in the 
small flask that the difference of level due 
to the diminished pressure is observed, 
and that with the aid of a microscope, 
the simultaneous fall of the water level in 
the large flask not being regarded ; and the 
result of the readings is corrected by cal- 
culation. The great sensitiveness of this 
instrument requires that it be placed on 
a strong and massive table, for preventing 
the water-level from being influenced by 
trepidations; and, for experiments on the 
surface the pressure-gauge was placed on 
a thick surface (setting-out) plate, while 
a portable cast-iron table was made for 
receiving the instrument in the under- 
ground workings. 


Anemometers.—For measuring the air 
volume drawn along by a known depres- 
sion three small Casartelli anemometers 
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were used, M. Murgue’s ingenious method 
of instantaneously throwing the wheel in 
and out of gear being adopted. 

Atmospheric Observations —The tem- 
perature of the air-current was measured 
above and below each line of pipes experi- 
mented with, or each length of under- 
ground road, by thermometers graduated 
to one-tenth of a Centigrade degree; the 
pressure beng read off from an aneroid 
barometer; and the humidity in the at- 
mosphere was taken by a very correct 
hygrometer, the weight of air in motion 
being caiculated by the convenient tables 
appended to the work by Herr Althans, 
president of the Prussian sub-committee 
on ventilators. 

Air-pipes-—In the first series of experi- 
ments sheet-iron pipes of 27 mm. (1 1-16 
in.) inside diameter with screw socket 
connections were used; but, owing to their 
joints not being found tight notwithstand- 
ing every precaution, lead pipes of 17 mm. 
(21-32 in.) inside diameter and 3 mm. (% 
in.) thick, soldered together if necessary, 
were used for the second series—that 
metal, which affords absolute tightness, 
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being suitable on the surface where these 
experiments were made, although its soft- 
ness would be an objection under ground. 


Production of the Air-current.—The va- 
vious lines of pipes experimented with 
were in turn laid out in the yard of the 
workshops, near the boilers; and an ex- 
hausting fan at the down-stream end set 
up an air-current, the intensity of which 
could be varied at pleasure. For straight 
lines of pipes a Rateau fan of 70 cm. (2 
ft. 3 in.) diameter, driven directly, was 
used; but in subsequent experiments, for 
obtaining more intense currents, and con- 
sequently greater difference of pressure 
than could be more correctly measured by 
the gauge, a Mortier diametral fan of 90 
cm. (2 ft. 11 in.) diameter and the same 
width, also driven directly, was utilized. 
The trials with curved lines of elliptic 
pipes and those of large diameter were 
niade in the locomotive running-shed, an 
arrangement which permitted of the ex- 
periments being continued uninterruptedly 
in all weathers. 
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Measuring the Air-current—The an- 
nexed diagram, fig. 1, shows the general 
arrangement adopted, in which the pipe, 
C D, to be experimented with is inserted 
between two adiutages, B C and D E, the 
former receiving the air-current drawn in 
by the fan through a convergent inlet- 
piece, A B, while the latter délivers it to 
the exit-piece, E F, also convergent, con- 
nected with the fan inlet, G. The adju- 
tages, and also the inlet and the outlet, are 
made of ploughed and tongued boards, 
carefully fitted; and the air volume was 
measured near the inlet and outlet in the 
cross-sectional plane of their adjutages. 
The gauging station was placed at such a 
distance from the inlet and outlet of pipe 
C D that the flow might be considered as 
taking place by parallel currents, uninflu- 
enced by the contraction due to the air’s 
motion, between the larger sectional area 
oi the adjutage and the more or less re- 
duced sectional area of the pipe experi- 
mented with. By simultaneously measur- 
ing, in the entrance and exit adjutages, 
the air volume passing at each of the sta- 
tions, it was possible to estimate the quan- 
tity of air infiltration and check the degree 
of tightness in the whole arrangement. 

In all the series of experiments the sec- 
tional area of the adjutage D E remained 
practically constant; and the inlet with its 
adjutage was adapted to the size of the 
pipe to be experimented with. As the 
energy that could be set up by the fan was 
limited, it became necessary, for measur- 
ing the volumes of relatively slight inten- 
sity circulating through pipes of small 
diameter, to reduce the sectional area of 
the inlet adjutage to the value correspond- 
ig with a speed of current that could be 
exactly measured by the anemometer. 
The connection of the various pipes with 
the entrance and exit adjutages required 
great care, for avoiding the infiltration of 
air that might escape being registered by 
the anemometer, and thus falsify the 
measurements of the volume; and on that 
account the pipes were allowed to project 
slightly inside each adjutage so as to bear 
against partitions, carefully constructed of 
thick boards ploughed and tongued, form- 
ing part of the adjutage, luted with putty 
and having an aperture of the same diam- 
eter as the pipe. 

For measuring by the anemometer the 
intensity of an air-current passing through 
pipes so small as those experimented with, 
a difficulty arose that does not present it- 
self in the gauging of mine workings; and 
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it is evident that the dimensions of the 
entrance adjutage cannot be too much in- 
creased without a risk of excessively di- 
minishing the speed of a weak air-current. 
Now, for a moderate section of adjutage 
the presence of an experimenter may 
greatly invalidate the observations; and 
it would become impossible to simultane- 
ously measure the air volume passing 
through the pipe and the depression of the 
current. For getting over this difficulty, 
the following arrangement, due to Herr 
Althans, was adopted: 

Referring to fig. 2, the rectangular sec- 
tional area of the gauging station was 
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represented full size by a tablet, A’ B’ C’ 
D’ placed above the adjutage, A B C D, 
and divided into the squares, I, 2, 2 
17 and 18 oe with the anemo- 
meter stations. A slot, a b, was made in 
the top cover, B C, of the adjutage, and 
closed by a wooden slide, moving with 
easy friction in a guide screwed to the 
cover, the minimum eee being equal to 
double the width, B C, of the adjutage. 
In the movement from left to right or 
from right to left given by hand to this 
slide, its extreme positions will be M N 
and M’ the mean position being M” 
N”; and at no point of its travel can there 
be penetration of the outer air into the in- 
side by the slot a b, which is constantly 
covered by the moving slide. 

As shown in fig. 3, the anemometer be- 
ing hung from the end of a small but 
rigid rod, of such a length that if one 
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of its ends occupies point 1 (see fig. 2) in 
the upper tablet the other will occupy 
station No. 1 of the adjutage, it will pene- 
trate into the interior through a hole in 
the slide. If the slide is at rest all that 
will be required is to lewer in a vertical 
direction the upper end of the rod, bring- 
ing it in succession opposite stations I, 
6, 7, 12, 13 and 18 of the tablet, for the 
centre of the anemometer to occupy the 
corresponding stations; and if the instru- 
ment is to be displaced horizontally it will 
be sufficient to move the slide in the 
proper direction by maintaining it at a 
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standing on the adjutage opposite the 
numbered tablet, a spring fastened to the 
stand of the instrument acting through a 
small chain on the engaging lever to which 
the wire is attached on the side opposite 
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station for a preconcerted space of time, 
after the manner of a pantagraph, al- 
though in this case there was no reduc- 
tion or enlargement. 

In order to permit of throwing the ane- 
mometer in and out of gear from a dis- 
tance without entering the chamber, it was 
hung from the end of a light but rigid 
copper tube; and a copper wire inside the 
tube was held by one of the experimenters 


FIG. 3. 


the spring. When the wire is stretched 
the anemometer is thrown into gear, but 
at other times the spring, acting on the 
lever, throws the instrument out of gear, 
an arrangement that gave every satisfac- 
tion. 

In 1897 each series of observations made 
on a given pipe was preceded by a gauging 
that comprised measurement of the speed 
at each of the eighteen stations marked on 
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the tablet, one minute being occupied ¢ 
each. During this protracted gauging sive 
fan’s speed was kept perfectly constant; 
and, for taking into account slight varia- 
tions in the engine speed, the fan revolu- 
tions were taken simultaneously with the 
gauging, the speeds observed being all 
reduced to a given fan speed supposed 
constant. The experiments following the 
first of each group only comprised a gaug- 
ing for one minute each at three points 
in the sectional area; and the total number 
of revolutions made by the anemometer 
during this space of time was registered. 
{[n accordance with M. Murgue’s remarks 
as to the constant ratio between the mean 
speed of the air-current for the whole of 
the sectional area and its speed at three 
given points, the result was arrived at by 
a simple proportion sum. 

In 1898 this manner of making the ob- 
servations was modified for the following 
reasons: The prolonged gauging before 
beginning each group of experiments took 
up too much time for recording so many 
observations as those required; but the 
chief reason consisted in the difficulty of 
keeping the fan at a constant speed, espe- 
cially when setting up a comparatively 
high watergauge, the boiler though fired 
hard not being able to make sufficient 
steam. 

There are, however, grounds for believ- 
ing that the second method was quite as 
correct as the first. One permitted, which 
could not be obtained with the other, of 
tracing curves of equal speed; but this 
advantage was slight, because a knowledge 
of the distribution of the different speeds 
is only useful if it relates to the pipe ex- 
perimented with, and the gauging was ef- 
fected in an adjutage the sectional area of 
which was always far greater than that of 
the pipe. The time during which the ane- 
mometer was kept at each station has never 
been less than six seconds, which is con- 
sidered sufficient by all who have taken up 
this question ; and the rectangular form of 
the adjutage, 1.5 m. by 0.75 m. (4 ft. 11 in. 
by 2 ft. 5% in.) lends itself readily to a 
division into equal squares, their centres 
corresponding with the stations. 


Influence of Air Infiltrations —However 
carefully the joints be made, it is difficult 
to entirely ahr the errors resulting from 
slight air infiltrations over the distance 
with respect to which the loss of load is to 
be measured; but for reducing this cause 
of error to a minimum the author made a 
point, before beginning each series of ob- 
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servations, of gauging the entrance and 
exit adjutages at the maximum fan speed, 
so as to better appreciate the extent of 
the leakage, although with metal pipes an 
almost entire concordance between the in- 
let and outlet volumes was attained. 
TAKING THE WATER-GAUGE. 

In all the observations made under the 
author’s superintendence, the difference of 
the total pressure was measured by two 
Pitot tubes placed along the centre line, 
the pipe facing the air-current; and here 
began the difficulties. These tubes ought 
to have been placed at the points of the 
stations, up-stream and down-stream, 
where reigned the mean speed ; but this 
was not done, for want of time, the tube 
being always held in the middle as if the 
total pressure were the same over the 
whole sectional area. The Murgue appa- 
ratus was set up, at the up-stream end, 
on one of the side faces of the air inlet; 
and a slight sielter protected the pres- 
sure-gauge arranged on the heavy cast- 
iron plate already mentioned. Indiarub- 
ber tubes from the cocks connected the 
pressure tubes above and below with the 
large and small flask of the gauge respec- 
tively. In the experiments on pipes of 
slight diameter these tubes were laid along 
their length entering at two points com- 
prising between them the length to be 
observed; and the two tubes were bent 


to a right angle so as to constitute a Pitot 
tube. 


Referring to fig. 4, in the observations 
on straight pipes, the tubes, T T’, starting 
from the Murgue pressure gauge, proceed- 
ed one to the up-stream station, A, and 
the other to the down-stream station, B, 
F being the fan and the arrow showing 
the direction of the current. In the ob- 
servations on separate straight portions 
connected by various bends the tubes 
might be arranged so as to permit of meas- 
uring at will the total loss of load, as well 
as the partial loss of load in each portion 
of the pipe line; and it is thus that, in 
the case shown by fig. 5, the water-gauge 
may be taken if desired between the points 
1 and 4 of the total distance traversed, 


or between the points 2 and 3 of the par- 
tial distance. 


CONDUCT OF THE OPERATIONS. 


The six observers) were placed—the 
first near the exhaust fan for recording 
its speed; the second on the top cover of 
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the up-stream adjutage facing the tablet 
above mentioned, for moving (as_ has 
been described) the rod of the anemome- 
ter, which he threw in and out of gear 
from a distance; the third moved hori- 
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FIG. 4. 


zontally, from left to right and from right 
to left, the slide covering the upper slot 
of this adjutage, and the fourth, holding 
a chronometer, gave the signals for be- 
ginning and finishing the observations, 
while the fifth and sixth respectively took 
the water-gauge and booked the number 
of revolutions made by the anemometer. 
The extreme stations, up-stream and 
down-stream, were connected by electric- 
bell apparatus, so that the signals agreed 
upon could be exchanged. 

So soon as the fan acquired the deter- 
mined speed, the down-stream observer 
notified those up-stream; and at a stroke 
from the bell the anemometer was re- 
leased and moved about in the different 
stations, where it was kept for a given 
number of seconds signaled by the chro- 
nometer man; and during this time as 
many readings as possible (at least ten 
per minute) were taken of the depression. 
At the end of the observations the opera- 
tors formed into two groups, each read- 
ing in turn the tachymeter and anemo- 
meter figures, this checking of the ob- 
servations, strongly recommended by 
M. Murgue, being indispensable for 
avoiding errors. 


GENERAL FORMULA EXPRESSING LOSS OF LOAD. 


After describing the numerous experi- 
ments with both straight and curved 
pipes, carried out in the above-mentioned 
manner, and quoting Herr Althans’ simple 
formula for expressing loss of load, the 
author states it as follows: 


h = 0°0007489 ‘ 
D} 373 


h being the loss of load, L the length of 
pipe, D its diameter, 6 the weight of a 
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cubic metre of air, and v the mean speed 
of the fluid. He was able, thanks to the 
many and various observations made, to 
determine the true power which connects 
the loss of load with the mean speed, find- 
ing it equal to 1.916. As regards only 
the passage of air through pipes used for 
ventilating preparatory workings, a case 
which supposes for 6 a value near upon 
1.2 kilogr. (3 Ib.), he feels justified in 
stating a = 1; and he was led empirically 
to modify the formula to the following: © 


L 


h = 0°000765 x Di-506 J yi-916 


(2) 


A table is given (in the original paper) 
of the values calculated by formule (1) 
and (2) with the experimental results ob- 
tained for a whole series of diameters 
comprised between 0.259 and I metre; and 
a comparison of these values leads to the 
following 


CONCLUSIONS. 


1. For slight diameters the non-con- 
cordance between the calculated and ob- 
served results is sufficiently marked, and 
more so with the Althans formula (No. 
1) than with that proposed by the author 
(No. 2). 

2. For pipes rough inside, such as those 
of 0.45 m. (1 ft. 6 in.) and double that 
diameter, comparable with the state of a 
cast-iron surface, the Althans formula ex 
presses the results observed with very 
slight divergence; but for smooth pipes 
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of galvanized sheet iron or painted with 
red-lead, and having a diameter larger 
than 0.338 m. (1 ft. I in.), it gives the loss 
of load as rather high. 

In fine, the author considers that the 
general formula proposed by him embraces 
the collective results with a very near ap- 
proximation. 
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Handling Water Ballast in Ships by Com- 
pressed Air. 


Among the recently discovered uses for 
compressed air is that of handling the 
water ballast of ships. As is well known, 
modern vessels are provided with an 
inner water tight floor or bottom, usually 
placed four or five feet above the keel. 





forming with the shell a double bottom 
which strengthens the vessel, and makes 
it safer aBainst leaks. 

The space between the bottoms is di- 


vided into a number of compartments 
into which water is flowed for use as 
ballast. 


In order to trim ship it is necessary to 
vary the amount of water ballast or to 
shift it from one compartment to an- 
other. This has hitherto been done by 
means of ponderous ballast pumps at- 
tached to a reservoir or “header” and 
conuected by pipes with the various 
tanks. 

In Figures 1, 2 and 3 we illustrate a 
system of ballast handling that dispenses 











with the pumps and controls the ballast 
entirely by compressed air. This system 
is the pioneer of its kind and is described 
in a patent issued Nov. 20, 1900, to Geo. 
B. Willcox, of Bay City. Mich. The sys- 
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tem consists in omitting the ordinary 
ballast pump by which the water ballast 
is usually controlled, and using an air 
compressor to force air into the tank to 
be emptied, thus displacing the water, 
which flows out into the water header 
and thence either into another tank or 
overboard, as desired. 
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FIG 


A compressed air reservoir or header 
similar to the water ballast header is pro- 
vided, and each tank is connected to the 
air header by means of an air pipe. Suit- 
able valves permit the discharge of air 
into the tanks in any desired combina- 
tion. Owing to the high velocity of the 
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air a large volume of water can be dis- 
placed by means of a small air pipe. 

The advantages of this system are that 
the water ballast can be shifted at will 
irom one tank to another without pump- 
ing any water overboard and without 
taking in harbor water. The location of 
the air compressor is not confined to the 
line of the discharge pipe as ballast pumps 
must be. With this system the ballast 
water does not pass through pump 
valves, but has a free flow and the fric- 
tional resistance of valves and the danger 
of blocking them by refuse is eliminated. 
An air compressor is very much lighter 
for a given capacity than the ordinary 
ballast pump, and will work with about 
ten times the economy of the ballast 
pump, besides being available for operat- 
ing deck hoists, capstans, ash hoists, re- 
pair tools, etc., when it is not being used 
for handling the water ballast. This sys- 
tem is the subject of the first patent ever 
granted for a pneumatic ballast handling 
system, and will doubtless soon come 
into general use. 





The U. & W. Piston Air Drill, 


The accompanying cut shows the detail 
construction of the U. & W. Piston Air 
Drill, manufactured by the Columbus 
Pneumatic Tool Co. of Columbus, Ohio. 

The drill being of an entirely different 
design from any other machine of this 
class, and embodying some novel and 
practical ideas, the following explanation 
will prove of interest to our readers 

This machine is of the double piston 
type, both pistons working through the 
medium of arms and crossheads upon a 
single shaft; turning it with the power 
derived from both cylinders. In order to 
affect this concentration of power, a gear 
is placed between the crossheads, working 
in racks cut at the base of each. The 
successive strokes of the crossheads move 
the ends of the arms up and down. The 
other ends of these arms encircle the 
shaft and engage lugs on it, thus revolving 
the shaft. The teeth of the arms and 
clutches never engage except on the for- 
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ward stroke, or at the time of the upward 
movement of the end of the arm. As air 
enters the cylinders at the end of each 
stroke, it will be seen that the gear re- 
ferred to above is of great importance, 
inasmuch as it is the medium of trans- 
mission of the power developed in the 
return stroke to the side on the forward 
or working stroke. 

Two valves and a shifter distribute the 
air. The auxiliary valve is set by the 
shifter in its movement up and down, and 
the main valve is set by air properly ad- 
mitted by the auxiliary. 

The points of superiority claimed for 
this tool are: durability, capacity for do- 
ing work in close quarters, strength, light- 
ness and the absence of the 
frequent otling. 


necessity of 


The Krause Air Filter. 


A novel apparatus in the shape of an 
Air Filter has recently been patented and 
placed on the market by Mr. Arthur E. 
Krause, . 345 Fairmount Avenue, Jer- 


sey City, N. J. 

The object of an Air Filter is to pre- 
vent dust, grit, ashes, etc., and any im- 
purities from entering the intake in Air 
Compressors, Air Pumps, Blowers, and, 
in fact, all machinery handling air, and 
in which grit or impurities are detrimental 
not only to the operation of the machine 
itself, but also to the operation of such 
other machinery depending upon the first. 

Air filters have been tried at different 
times, but have been discarded on ac- 
count of the great amount of space taken 
in order to obtain adequate filtering sur- 
faces, and also tor the reason that the in- 
take pressure was considerably reduced 
below the atmosphere. 

Mr. Krause’s Filter, which we illustrate 
herewith, is very simple and takes very 
little space. For instance, a filter suitable 
for a 114” intake pipe would be only 6” 
dia. by 5” long, and such a filter can be 
attached to intake pipes for Air Pumps, 
Air Compressors, Blowers, Gas Engines, 
etc 

The construction of the filter is as fol- 
lows: Circular shaped flat bags made of 
felt, cotton, ashestos, or any other suita- 
ble material, with thin outer edges sewed 
together and having a concentric opening 
so as to obtain access to the interior of the 
bag from both sides. 

Into the interor of each bag there are 
inserted two flat ring-shaped washers 
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made of sheet metal, one of these washers 
having protruding bosses stamped thereon, 
the other washer is perfectly plain. 

When placed within the bags the bosses 
of one washer are placed against the flat 
side of the other washer, thus making a 
separating space between the two washers, 
which serves as a free passage for any air 
filtered into the bag from the outside. 
After the washers are thus inserted with- 
in the bags, acertain number of them are 
placed over the above-mentioned tierods, 














THE KRAUSE AIR FILTER. 


the number of bags depending upon_the 
length of the supports and amount of fil- 
tering surface desired. 

After all of the bags are thus placed 
over the supports, a metal washer, or disc, 
having three holes corresponding to the 
position of the three supports, is placed 
over the bags, and the thumb nuts are 
screwed up against the disc, thus forcing 
the separate bags together at the edges of 
the central openings, so that perfectly tight 
joints are secured. 

There is no pressure exerted on any 
part of the surfaces of the bags, so that 
the air has perfectly free access to such 
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surfaces, and aiter filtering through the 
bags from the outside, the air passes 
through the free space between the inside 
washers and into the interior of the body 
of the filter, from whence it is drawn off 
by the air pump or compressor entirely 
freed from dust or grit. 

It will be readily understood that this 
arrangement of the filtering bags will per- 
mit of a very extensive filtering surface 
within a very small space, at the same 
time allowing ample air spaces between 
the bags to render all of such surface ef- 
fective and efficient. 

These filters can be cleaned or dusted 
while the machinery to which they are at- 
tached is in operation, or a new set of 
bags can be inserted in a few minutes’ 
time. 

To show the great amount of filtering 
surface which can be obtained in a very 
small space we want to say that a 114” 
filter, as constructed, would consist of 22 
bags, each bag having on each side a sur- 
face of 15 sq. inches, making the total fil- 
tering surface 660 sq. inches, and the 
space occupied by same does not exceed 
ly of a cubic foot. Thus it will be seen 
that a filter covering one cubic foot in vol- 
ume could have a filtering surface of 36 
sq. ft. 

Of course the filtering surface depends 
not only upon the size pipe or opening, 
but also upon the quantity of air to be 
filtered, and upon the amount of dust or 
grit which may be contained in the air. 

Owing to the large air filtering surface 
the resistance to the inflow of air is hardly 
appreciable if the filter is dusted occa- 
sionally. 





Dont’s! For Users of Compressed Air. 


The following hints have been drawn up 
in a somewhat breezy American style: 

Don’t install a compressor just about 
equal in capacity to your present require- 
ments, for when once you have compressed 
air available its number of uses becomes 
legion, Good practice is to provide a 
cempressor at least fifty per cent. greater 
‘in capacity than your immediate necessi- 
ties demand. Duplex compressors are 
made devisible, permiting the installation 
and operation of one-half at first and the 
other half later, when the additional ca- 
pacity is needed. 


Don’t accept the theoretical capacity of 
an air compressor, stated in the list of the 
maker, as the equivalent of the actual 
volume of air needed for your service. 
Remembering the difference between 
theory and practice, allow a small deduc- 
tion for friction, heat, clearance, etc., be- 
ing unavoidable losses in air compression, 
before calculating what your actual de- 
livery in compressed air will be. 


Don’t buy an air compressor because it 
is cheap. It will prove the most expen- 
sive proposition of its size that you have 
ever encountered. If a water pump fails 
in its work, you will know it at once; ifa 
steam engine is deficient, its shortcomings 
are self evident; but if am air compressor 
is poorly designed or badly constructed, 
it may continue in the evil of its ways until 
the scrap heap claims it for its own, un- 
less, as is more than likely, an absolute 
breakdown calls attention to its deficien- 
cies, and you learn all too late that the 
hole it has made in your coal pile, added 
to the loss of keeping it in repair, would 
have paid a handsome interest on the ad- 
ditional first cost of a properly-designed 
and properly constructed compressor. 


Don’t buy a second-hand compressor 
unless you know it has given satisfaction 
in work similar to your own, and that its 
working parts retain their full measure of 
usefulness without deterioration. An air 
compressor with valves, pistons, etc., worn 
out or in bad repair can waste more good 
power than anything of its size known. 


Don’t buy a compressor that your neigh- 
bor used for operating oil burners because 
you intend putting in pneumatic tools. 
For, even if all compressors look alike to 
you, experience teaches that oil burners 
operate under 12 pounds pressure, whilst 
pneumatic tools require 100 pounds, and 
the oil-burner compressor, with unevenly 
proportioned cylinders, devoid of water 
jackets, will equal your service as well as 
a low-pressure boiler for heating will run 
a high-speed engine. 


Don’t use air-break pumps or direct- 
acting compressors. Statistics show that 
their steam consumption is about five 
times that of a crank and fly-wheel com- 
pressor for the same volume and pres- 
sure of air delivered. 

Don’t install a steam-driven compres- 
sor if your steam supply is short and 
plenty of belt-power available. 
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Don’t put in a belt-driven compressor if 
you have plenty of steam and are short of 
belt power. 


Don’t purchase a compressor of out-of- 
date design because you have heard of it 
for many years. Noah set the fashion in 
arks, and is known throughout civilization, 
but modern house-boats have evidenced 
the progress of the times by departing 
materially from Noah’s standard. 


Don’t draw your intake air to the com- 
pressor from a hot engine-room, or from 
any point where dust is abundant. The 
volume of air delivered by the compressor 
increases proportionately as the tempera- 
ture of the intake air is lowered, and dust 
or grit entering the compressor clogs the 
valves, cuts the cylinders, and generally 
impairs the efficiency. 


Don’t use any old thing for an air re- 
ceiver. Compressed air under 100 Ibs. 
pressure will leak a horse-power through 
a 1-16 diameter hole in five minutes, and 
a well-made, strong and tight air receiver 
is the second essentially important factor 
if you would realize to the utmost all the 
advantages which compressed air provides. 


Don’t connect your air admission and 
discharge pipes improperly at the receiver. 
To secure the best results and eliminate 
moisture from the compressed air, connect 
your pipe leading from the compressor at 
the top of the receiver and lead your air 
pipe to points of consumption from the 
bottom of the receiver. 


Don’t have leaky air pipes. Test your 
piping when it is installed and at regular 
intervals thereafter, allowing the full 
pressure to remain an adequate length of 
time, and if the gauge indicates leakage 
locate and remedy it. 


Don’t install your piping without prop- 
erly providing for drainage of condensed 
moisture at regular intervals in the sys- 
tem. The simplest method is to slightly 
incline the branches leading from the 
main line and insert drain cocks just 
before the hose connection is reached.— 
New Zealand Mining and Engineering 
Journal. 
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Air Gun. 


As a great deal of trouble has always 
been experienced in driving out engine 
frame bolts, cylinder and saddle bolts on 
locomotives, the use of a cannon many 
times being brought into play, the Penn- 
sylvania Railroad system has adopted 
what is known as an air gun for doing 
this work. 

Figure one shows a section of the gun 
as they make it. It is nothing but a piece 
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of bored-out steel tubing screwed into a 
cap, which acts as a base. The size of the 
gun can be varied to suit different kinds 
of work, the diameter, length of piston and 
length of stroke being increased if more 
power is to be obtained. The three-way 
cock is attached to the air inlet so that 
after the air has shot up the piston, the 
air in gun can escape to the atmosphere 
when the three-way cock is turned. 
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Figure two shows part of an engine 
frame with several of the air guns in place 
for driving out the bolts. The three-way 
cock on the air inlet is opened and closed 
hitting the bolt with a sharp, quick blow. 
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FIG. 2. 


As shown in cut, the gun is blocked up 
intermittently, acting as a heavy hammer 
with wood to the required height for oper- 
ating, which allows it to accommodate it- 
self to many varieties of work. 


Notes. 


Compressed air is supplementing the 
mule in the mines of Wisconsin. 


Messrs. M. R. Muckle, Jr., & Co., the 
Philadelphia representatives of Messrs. 
Westinghouse, Church, Kerr & Co., have 
removed to their new office, No. 512 
Stephen Girard Building, No. 21 South 
12th Street, Philadelphia, Pa. 


A patent has been taken out by Mr. A. 
Koehler, of Hamburg, for an apparatus 
which burns liquid fuel and disperses it 
by means of air under high pressure, in- 
stead of by a steam jet. A non-illumin- 
ating flame of great heating power is pro- 
duced. 


A London plumber has arranged a new 
system of burglar alarm by means of com- 
pressed air. When the modern Bill Sikes 
opens a window or a door the compressed 
air blows a policeman’s whistle and lights 
an electric lamp to act as a guide, so that 
the man in blue shall know where he is 
wanted. 


The Postmaster-General has appointed a 
committee of experts to consider matters 
relating to the use of pneumatic tubes for 
the transmission of mail. The members 
of the committee are: Theodore C. 
Search, Philadelphia; R. H. Thurston, 
Ithaca, N. Y.; S. C. Mead, New York; 
Lyman E. Cooley, Chicago; Alfred B. 
Fry, New York; William T. Manning, 
Jaltimore, and Frederick A. Halsey, New 
York. 


George B. Carpenter & Co., whose plant 
was burned out a few months ago, have 
remodeled their building at Fifth avenue 
and South Water street, Chicago, with an 
entirely new boiler plant, and a complete 
system of heating, ventilating and pneu- 
matic tube service. They are manufac- 
turers of tents, awnings, railway supplies, 
shipping supplies and general contractors’ 
material. They took possession of the 
new building on December 1. 


Salaried Positions for Learners is the 
title of a pamphlet issued by The Inter- 
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national Correspondence Schools, Scran- 
ton, Pa. It tells how a young man can 
become a mechanical or electrical engineer 
or architect and support himself while 
learning. It contains photographs of a 
score or more students who have obtained 
better positions as a result of their studies, 
and some specimen drawing plates show- 
ing the remarkable progress made by stu- 
dents. 


The G. P. McGann Air Brake Company 
of Detroit, Mich., in addition to a hand- 
somely decorated booth at the annual con- 
vention of the American Street Railway 
Association, were enabled, through the 
courtesy of the Kansas City-Leavenworth 
Railway, to take many delegates interested 


‘in their brake over the road, and afford 


them an opportunity to inspect the work- 
ing of this brake, which has been in use on 
this road for the past year. 


Articles of incorporation were filed with 
the County Clerk here to-day of the 
American Pneumatic Carpet Company. 
The company is capitalized at $500,000, of 
which $3,000 is paid in. The object of the 
concern as stated in the papers is to estab- 
lish, build, construct, repair, maintain, and 
operate plants for the purpose of cleaning 
carpets by compressed air and other pro- 
cesses. The incorporators are: A. D. 
Easton, Z. B. Mead and S. G. Mead, all 
of East Orange. 


A petroleum spray is used on the Mis- 
souri Pacific Line for lighting the fires of 
locomotives. The reservoir for the oil is 
mounted on wheels. Compressed air is 
used to spray the oil. The air can be 
taken from any Westinghouse receiver or 
purnp. In using the apparatus, the bed of 
coal is first placed on the grate, and then 
the jet spray is ignited and directed on to 
the coal, being moved over the surface 
until the whole is ignited, which usually 
requires about 15 minutes. 


On the Erie canal, at Lockport, N. Y., 
a pneumatic balance lock is being sub- 
stituted for a flight of old-fashioned stone 
locks. The new lock consists of two steel 
chambers, one for ascending and the other 
tor descending boats. Each chamber is 
divided into two parts, an upper one con- 
taining water to receive the boats and a 
lower one containing compressed air on 
which the upper chamber floats. When a 


boat has been run into the upper chamber 
it is either lowered or raised, as may be 
desired, by filling or exhausting the air 
chamber beneath it. 


The Board of Directors of the Com- 
pressed Air Company met last week at the 
offices of the company, No. 621 Broadway, 
New York. Among those in attendance 
were Thomas Dolan, William L. Elkins, 
Henry D. Cooke, General C. H. T. Collis, 
Newell C. Knight, William H. Kimball 
and General G. E. P. Howard. The 
equipment of another cross-town line with 
compressed air was discussed. Three sub- 
companies are in organization to introduce 
air cars in Ohio, Missouri and New Eng- 
land. The board passed a _ resolution 
authorizing the listing of the stock of the 
company on the New York Stock Ex- 
change. 


The New York Central is figuring on 
adopting compressed air motive power in 
the tunnel leading from the Grand Central 
Station to Harlem. Owing to the smoke 
and dirt which result from the use of 
coal-burning locomotives Président Calla- 
way has had under advisement the matter 
of compressed air as a motive power. In 
this connection Henry D. Cooke, president 
of the Compressed Air Company, said yes- 
terday: “It is true that their engineering 
department was preparing plans for an air 
locomotive capable of hauling a standard 
New York Central train, including the 
steam locomotive, from Forty-second 
street to Mott Haven.” 





Another step in the construction of ex- 
plosive engines is embodied in the Banke 
motor. In this the mixture of hydrocar- 
bon vapor and air is drawn into the cylin- 
der as usual but is mingled with a fine 
spray of water. The advantage is two- 
fold. When the mixture is compressed 
the water absorbs much of the heat of 
compression, thus preventing over heating 
and pre-ignition. On exploding a good 
proportion of the heat is used in evaporat- 
ing the water and is later recovered in the 
shape of useful work done by the explod- 
ing steam. A test recently made on a 20- 
horse-power benzine motor showed a ther- 
mal efficiency of 28 per cent. 

Albanus L. Smith & Co., of 1305 Arch 
street, Philadelphia agents for Pennsyl- 
vania for the United Flexible Metallic 
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Tubing Co., Ltd., of England, offer the 
product of this company as a substitute for 
rubber hose. It is offered for a variety of 
service—for conducting steam, compressed 
air, water, oils, gas and acids. The first 
cost is greater than that of rubber hose, 
but the life of flexible metallic tubing is 
longer. It is manufactured in sizes from 
% inch up to 8 inches internal diameter 
and to stand 100 to 200 pounds steam 
working pressure, or on special orders up 
to 1,500 pounds. It has been on the mar 
ket in Europe for five years, and 2,000,000 
feet are in use abroad. 


Erie officials are arranging for the erec- 
tion of a plant for the storage of com- 
pressed air for the air brake freight cars. 
A stationary engine will pump air into a 
storage reservoir and pipes will be laid 
from it to all parts of the yard, and the 
air brakes of an incoming train can be at- 
tached to any of them and _ tested, and 
trains can also immediately be supplied 
with air from the plant. This will abolish 
the delay caused by a locomotive pumping 
air into the piping of the brake before the 
train can leave the yard. Later on new 
machinery will be placed in some of the 
shops there and heavy weights will be 
lifted by compressed air from the same 


plant. 


A general meeting of the members of 
the North of England Institute of Mining 
and Mechanical Engineers was held in the 
Wood Memorial Hall, Newcastle-on-Tyne, 
on Saturday, October 13, under the presi 
dency of Mr. J. G. Weeks 

Mr. H. Humphris submitted a short pa 
per on a new rock drill, which was exhib 
ited and described. The method of work 
ing was described as follows:—In the 
first place a hole was drilled, round, 1% 
inch diameter, then the drill followed 
making a double < > shape. With the 
drill not only slate rock was saved, but 
less powder was used owing to the two 
weak points made with the drill < > as 
the line of split would follow the two 
weak points. The drill would do _ the 
same thing on any stone, splitting it as 
required. He intended to improve the 
drill and make it more useful for any kind 
of rock or stone. 


President Cooke, of the Compressed 
Air Company, states that the com 
pany have concluded negotiations which 
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will result in their acquiring the 
Rome Locomotive and Machine Worl 
and it is their intention to erect additional 
machinery and additional shops, and to 
put in a thoroughly up-to-date plant and 
management, in order to supply the daily 
increasing demand for air motors. After 
careful consideration by this company and 
the approval of its engineer, Robert Har 
die, John L. a man of large me- 
chanical experience, has been selected gen- 
eral manager for the works. He has or 
ders to immediately proceed with the man- 
ufacture of motors to the limit of the pres 
ent plant, and to increase the output at 
the earliest day to the fullest possible ex 
tent. Additional motors are now needed 
for service in Newport, Buffalo, St. Louis, 
Massachusetts and Ohio 





Stagg, 


The installation of small hoists suitabl 
for serving machine tools when the work 
handled is generally too large for one 
man to put in place, is one of the improv 
ments in the modern machine shop which 
has worked much benefit and saved muel 
time. When the work to be lifted varies 
in weight from 75 to 500 pounds, it is be 
lieved that the pneumatic hoist is generally 
best for the purpose. To be of most ser 
vice it should always be available; there 
fore, one hoist can serve only a small num 
her of machines at most. This being the 
case, there is no objection to having it at 
tached to the feeder pipe line by a hose 
of only sufficient length to allow it to reach 
the machines lying in its field of operation 
lhe cheapness and simplicity of the pneu 
matic hoist, as compared with the electric 
or any other form suitable for the purpose 
are so strongly in its favor that it seems 
to have no competitor in this particular 
field. The air compressor for serving such 
a hoist is probably best electrically driven 
when of not too great capacity, but if the 
must be large, a steam compressot 
forming a unit in itself seems best, it be 
ing assumed that water-power is not avail: 
able 


S1ze 


The importance of liquid air has been 
so greatly exaggerated that it has been 
difficult to form a fair estimate of its 
merits.. In a paper to the German Society 
of Naturalists, Dr. Carl Linde has shown 
that it has three properties of possible in- 
dustrial use—its low temperature, its 
adaptability for converting heat energy into 
mechanical work, and its separation into 
varying mixtures of nitrogen and oxygen 
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by fractional distillation. The cost of 
liquid air cooling—which is theoretically 
17 times greater than refrigeration by ordi- 
nary machines and practically about 40 
times greater—must prevent its use except 
for very low temperatures, or in the rare 
cases where cost is of secondary import- 
ance. For driving motors, liquid air has 
small efficiency as compared with water, 
and the cost must limit its use to a few 
special purposes, like torpedoes and sub- 
marine boats. Mixed with petroleum, 
however, it may give a powerful internal 
combustion motor of small weight by en- 
suring perfect combustion in the cylinder. 
Liquid air as an explosive has not given 
encouraging results. As the gas first 
evaporating from liquid air is nitrogen, it 
is possible to concentrate the oxygen in 
the mixture to 50 per cent. or more, and 
this may prove of much value, especially 
as it can be made inexpensive by utilizing 
the cold of evaporation to aid in freezing 
more air. 


19421 (1899). Improvements in Rock 
Drills and the Like—W. D. Jones, Brun 
ditt’s Granite Quarries, W. O. Pierce, 12, 
Crimea-terrace, both of Penmaenmawr, 
North Wales, and W. M. Treglown, 114a, 
Queen Victoria street, London.—Refers to 
rock drills and like tools in which the 
cutting is effected by a succession of blows 
on the head of the cutting tool, the motive 
power supplied by steam, or water or air 
under pressure. The cutting tool needs to 
be rotated when in use and this has hither 
to been done by the hand of the operator. 
In this invention the rotating device turns 
the tool automatically, and thus greatly 
increases the efficiency of the drill. The 
rotating device can be operated by the ex 
haust from the drill or direct from the 
power supply. In carrying out the inven- 
tion, a strong metal sleeve is placed over 
the lower end of the barrel of the drill, 
and beyond this sleeve is attached to the 
barrel a small motor of any suitable kind 
to which the power is conveyed. Attached 
to this motor are geared wheels which 
drive a worm placed transverse to the drill 
barrel. This worm engages with teeth on 
the sleeve and causes it to rotate, and 
thereby turn automatically the socket or 
tool holder and the tool itself. In order 
to give a jumping movement to the tool as it 
rotates, two spring pawls are attached to 
the said sleeve and cause them to engage 
with two lugs on the mouth of the tool 
holder. 


The Philadelphia Pneumatic Tool Co., 
Stephen Girard Bldg., Philadelphia, Pa., 
reports a large increase in business for the 
month of November over the preceding 
months. 

Their Pneumatic Hammers are estab- 
lishing for themselves a very enviable 
reputation as evidenced by the duplicate 
orders received from some of the largest 
manufacturing concerns in the United 
States. 

Recent improvements in their Long 
Stroke Riveting Hammer have given very 
satisfactory results, and they report a 
large number of orders booked ahead. In 
one day in November they shipped eleven 
of these Long Stroke Hammers besides 
the shipment of other tools 

The use of compressed air for foundry 
work has been largely increased by the 
Sand Rammers recently put upon the 
market by this company, not only as a 
labor-saving device, but in doing better 
and more uniform work. A large num- 
ber of these tools have been sold and 
have met with flattering success, as shown 
by the increasing number of orders being 
received. 

This company states that owing to its 
inability to fill orders, they are making 
arrangements to further increase their ca- 
pacity, and shall, in the near future, be 
able to fill all orders promptly. 

Mr. Robert T. Mickle, M. E., formerly 
with the Kensington Engine Works, Ltd., 
Philadelphia, Pa., has been elected Vice- 
President of the company to fill the va- 
cancy caused by the resignation of Mr. 
Geo. W. Borton. 





It was about a year ago that liquid air 
as a motive power and explosive, a means 
for driving automobiles and all other 
kinds of machinery and motors, and par- 
ticularly and especially as a method for 
extracting the dollars from the pockets of 
the unwary, loomed far to the front, and 
held, as it were, the centre of the stage in 
popular estimation. 

‘lo-day, in order to find liquid-air liter- 
ature, says the Electrical Review, of New 
York, one must turn back to the files of 
the newspapers which boomed its merits 
in their advertising columns, or of the 
technical journals which exposed its falla- 
cies, or the waste baskets of yore which 
contain the circulars sent out by enthusi- 
astic promoters. Glittering and alluring 
were the promises, large and important 
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the results, financial and otherwise, that 
were promised. But where is the realiza- 
tion, and what has become of the money 
that was spent in the liquid air boom? 

This remarkable substance, which was 
about to displace electricity, and all the 
other agencies for power generation and 
many other things, has gone back to the 
shelter of the laboratory to emerge no 
more, we hope, except as an interesting 
product of modern scientific means and a 
valuable accessory for certain physical re- 
searches. About three or four times a de- 
cade the public seem to require some out- 
let for their financial enthusiasm and some 
subject around which their imagination 
may crystallize. We have had the Keeley 
motor, the electrical sugar refining scheme, 
the Reverend Brother Jernigan’s scheme 
for extracting gold from sea-water and 
liquid air. 


Dr. R. H. Thurston makes some strong 
remarks in writing of the proposed appli- 
cation of compressed air to automobiles. 
It stores comparatively little energy, is 
enormously costly, especially as a competi- 
tor with energy-storage fluids of little or 
no cost, requires very large quantities per 
horse-power delivered, and no known way 
exists for its storage for any considerable 
or satisfactory period without immense 
waste. 

According to Linde—perhaps its most 
successful, experienced, and reliable pro- 
ducer—it requires 100-horse-power at the 
compressor to produce as many pounds per 
hour, and it can develop but a fraction, 
probably a small fraction, of that amount 
of power in regasifying. It loses by sim- 
ple vaporization, even in large vessels, 10 
gallons and upwards, about 4 per cent., 
under the most favorable conditions for 
its preservation, each hour. Its efficiency 
in the motor is found to be about 4 per 
cent.; that of the steam engine is from 7 
to 20 and more, and that of the gas engine 
ranges to still higher figures. 

In the perfect heat engine the quantity 
of air required to do the same work with- 
in the same range of temperature of op- 
eration is about 16 times as much as of 
steam; while steam nothing as a 
crude material, and liquid air costs no one 
knows precisely what—probably not less 
than three or four times, perhaps 10 or I5 
times, as much as the fuel used with steam 
engine or the gas engine. The wild claims 
of the promoter of the stock companies 


costs 
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now in the market for speculative pur- 
poses are probably based on but little bet- 
ter reason than those of Keeley or of other 
mountebanks. 

Taking its cost in the engine at the ad- 
vertised minimum, about &dols. per ton, 
and that of steam in the engine at about 
0.00025dols. per pound, about 50 cents a 
ton, and 4dols. for coal, the relation is 16 
to 1 in favor of steam per pound, and 
many times this per horse-power devel- 
oped. A first-class steamship of 10,000- 
horse-power would probably pay 100,- 
ooodols. for the air alone to operate the 
proposed system of machinery in a single 
voyage across the Atlantic 


The first compressed air locomotive for 


Iona Island, N. Y., to furnish motive 
power for cars containing ammunition, 
under contract with the United States 


Government, has been completed at the H. 
K. Porter locomotive works here. rhe 
new engine, with all its appliances and 
the charging plant necessary to its oper- 
ation, will be shipped during the coming 
week. It is the type of locomotive de- 
cided upon for moving railroad cars about 
the vast magazines which are the store 
houses for ammunition used in the coast 
defenses and forts throughout the country. 
The engine now finished is a novel one, 
and was ordered, together with a com- 
plete plant for charging and operating, 
last summer. 

It was stated at the shops yesterday 
that in event of the new locomotive prov- 
ing a success and standing the tests that 
it will be put to, the Government will or- 
der a number of others like it, all to be 
used on the same island. Iona Island is 
probably the greatest store house for ex- 
plosives that is owned by the United 
States. It is situated in the Hudson river, 
a short distance from New York, and 
from it ordnance and ammunition are sent 
out to the various points along the coast. 
For a long time the handling of explosives 
has been done with mules, dragging cars 
and carts. It has been a slow and tedious 
process, as well as a costly one. The 
island is covered with a series of railroad 
tracks, and cars from the West Shore 
railroad are used in shipping material, be- 
ing loaded and moved about by teams. It 
is absolutely necessary that there should 
be no fire of any kind near the store 
houses of the ammunition. The success 
that attended the use of compressed air 
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locomotives in the great plant of the Cal- 
ifornia Powder Company, near San Fran- 
cisco, drew the attention of the army offi- 
cials to the availability of compressed air 
machines for Iona Island, and after much 
planning the first plant was ordered. This 
consists of one locomotive capable of 
handling standard railroad cars, a series 
of charging stations along the lines of the 
rails for charging the locomotives when- 
ever it is necessary, and a complete power 
plant for operating the compressors. 

The new locomotive is said to be one 
of the largest of its kind ever built. It 
will run several miles without being re- 
charged, and can be charged with air at 
any one of the numerous stations in less 
than 30 seconds. ‘There being no fire of 
any kind about the locomotives, there is 
not the least danger from explosion. 


U.S. PATENTS GRANTED NOV., 19(0 


Specially prepared for COMPRESSED AIR. 


661,075.—AITR-BRAKE SYSTEM. John R. 

Richardson, Scranton, Pa., assignor of 
two-fifths to John F. Thomas, same 
place. Filed Aug. 16, 1900. Serial No. 
27 O46. 


661,111.—AIR-BRAKE. John Shourek, Pitts- 
burg, Pa. Filed Nov. 20, 1899. Serial No. 


737,712. 


661,1854.—AMMONTA-COMPRESSOR. James 
T. Ludlow, San Francisco, Cal., assignor 
to the Vulcan Iron Works, same place. 
Filed Oct. 31, 1898. Serial No. 695,097. 


661,474.—AIR-BRAKE VALVE MECHAN- 
ISM. Leopold Krimmelbein, Baltimore, 
Md., assignor of one-third to John F. 
Feldmann, same place. Filed June 27 
190. Serial No. 21,717. 


661,572.—-AIR-BRAKE MECHANISM FOR 
CARS. Dennis Beemer, Detroit, Mich. 
Filed Feb. 25, 1898. Renewed April 30, 
1900. Serial No. 14,916. 


661,574.—-QUICK-RELEASING VALVE FOR 
AIR BRAKES. Perry H. Corbett, Hanni- 
bal, Mo. Filed Aug. 7, 1900. Serial No. 


26,196. 


661,584.—-STORAGE AIR-BRAKE SYSTEM, 

William K. Omick, Pontiac, -Mich., as- 
signor to the G. P. Magann Air Brake 
Company, Detroit, Mich. Filed July 3, 
1899. Serial No. 722,687. 


In a storage air-brake system, the com- 
bination, with a main reservoir and a 
coupling device associated therewith for 
connecting the main reservoir with a 
source of air supply, of an auxiliary reser- 
voir connected with the main reservoir, a 
reducing valve interposed between the 
same, an air-brake cylinder, a pair of pis- 
tons therein yieldingly pressed toward each 
other, a pipe extending between the auxil- 
iary reservoir and the air-brake cylinder at 














a point between said pistons, suitable con- 
nections between said pistons and the 
brake-shoes and a manually-operated valve 
interposed in the pipe extending between 
said auxiliary reservoir and the brake- 
cylinder and adapted in one position to 
maintain the communication between the 
auxiliary reservoir and the air-brake cylin- 
der and in the other position to seal the 
auxiliary reservoir and connect the air- 
brake cylinder with the atmosphere. 


661.624.—-APPARATUS FOR LIFTING WA- 
TER. Clifford Shaw, New York, N. Y. 
Original application filed March 22, 1900. 
Serial No. 9,696. Divided and this ap- 
plication filed May 29, 1900. Serial No. 
18,395. 


661,702.—-AIR-BRAKE. John J. Nef, New 
York, N. Y. Filed June 22, 1898. Serial 
No. 684,159. 


661.724. —AIR-DRAFT PROPELLING AP- 
PARATUS. Henry’ J. Newmarker, Ed- 
ward J. Newmarker, and Benjamin C. 
Newmarker, Reno, Nev. Filed June 14, 
1900. Serial No. 20,380. 
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661,623.—APPARATUS FOR LIFTING WA- 
TER. Clifford Shaw, New York, N. Y. 
assignor to the Bacon Air Lift Company, 
same place. Filed March 22, 1900. Serial 
No. 9,696. 


In apparatus for raising water of the type 
embodying a submergence pit or well and 
air-lift mechanism, the combination of a 
valve-seat through which the water passes 
into said well or pit and through which the 
uptake and downtake pipes of said mechan- 
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ism extend, one of them being within the 
other, and an annular valve encircling the 
outer of said pipes and adapted to be seated 
on said valve-seat. 
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661,786.—PNEUMATIC HAMMER. Arthur 
C. Beckwith, East St. Louis, Ill., assignor, 
by mesne assignments, to the Western 
Railway Equipment Company, of Mis- 
souri. Filed Sept. 1, 1899. Serial No, 


129,226. 


661,860.—AIR MOTOR OR PUMP FOR AU. 
TOMATIC MUSICAL INSTRUMENTS, 
ETC. Robert A. Gally, New York, N. Y, 
Filed Sept. 15, 1900. Serial No. 30,134. 


661,950.—PNEUMATIC DEVICE APPLICA- 
BLE TO RIVET-HEATING FURNACES, 


Bert A. Brown, Bristol, Conn. Filed 
May 12, 1900. Serial No. 16,450 
In combination; the valve-cylinder con- 


taining the fluid-pressure inlet; the rotata- 
ble valve provided with plural valve-con- 
duits and connecting jet-tubes adapted to 








be brought successively into connection 
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with the source of fluid-pressure; and the 
conduit adapted to admit fluid or flowing 
material to contact and mixture with fluid 
flowing from a jet-tube. 


662,054.—REPEATING AIR-RIFLE, William 
J. Burrow, Plymouth, Mich, assignor to 
the Daisy Manufacturing Company, same 
place. Filed Jan. 4, 1900. Serial No, 299. 


662,055. — BURNER FOR 
AND COMPRESSED AIR. 
and Frederic Manaut, Paris, France, 
Original application filed Nov. 9, 1899. 
Serial No. 736,419. Divided and this appli- 
cation filed May 15, 1900. Serial No. 16,747. 


PETROLEUM 
Louis Charon 


662.093.—AIR-VENT. Alfred Roesch, Bridge- 


port, Conn., assignor to the Davis & 
Roesch Temperature Controlling Com- 


pany, of New Jersey. Filed May 9, 1898. 


Serial No. 680,105. 
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662,152.—AIR-BRAIKE. William K. Omick, 
Pontiac, Mich., and George P. Magann, 
Toronto, Canada, Filed May 17, 1900. Se- 
rial No. 17,184. 


662,189. — COMPRESSED - AIR ENGINE. 
Matthew Flood, Albany, N. Y. Filed 
Sept. 21, 1897. Serial No. 652,427. 


662,08. PNEUMATIC TIRE AND SHOE. 
Aaron Vreeland, Bloomfield, N. J. Filed 
June 6, 1900. Serial No. 19,335. 


662,330. MEANS FOR CONTROLLING 
WATER BALLAST IN SHIPS. George 
B. Wilcox, Bay City, Mich. Filed March 

19). Serial No, 10,411. 
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The combination with water-ballast tanks 

having a common header and separate 
flow-regulating valves; of compressed-air 
conduits communicating with the several 
tanks; a common header or manifold for 
the several conduits; a source of com- 
pressed-air for forcing air into said mani- 
fold and conduits; and means, as valves in 
said conduits, for controlling the distribu- 
tion of compressed air to said tanks. 


662,574.—AIR CONVEYER. Eugene L. Mc- 
Gary, Pittsburg, Pa. Filed July 14, 1900. 
Serial No. 23,578. 


662.4601. — CARRIER FOR PNEUMATIC- 
DESPATCH-TUBE APPARATUS. Albert 
W. Pearsall, New York, N. Y., assignor 
to the Lamson Consolidated Store Service 
Company, Newark, N. J. Filed May 20, 
1898. Serial No. 681,219. 


662, 675— PNEUMATIC TOOL. Herman 
Leineweber and George Leininger, Chi- 
cago, Ill Filed March 30, 1900. Serial 
No. 10,789. 


662,705. PNEUMATIC VALVE-ACTION, 
Carl M. Welte, New York, N. Y. Filed 
April 12, 1900. Serial No. 12,558. 





662,771. —- PNEUMATIC CASH CARRIER 
TERMINAL. Frederick C. Cutting, 
Rochester, N. Y. Filed March 30, 1900. 
Serial No. 10,774. 


662,838. PNEUMATIC LUBRICATING 

SYSTEM. Elmer L. Vandresar and 
James L. Pilling, Chicago, Il. Filed 
March 19, 1898. Serial No. 674,502. 


In a lubricating system the combination 
with a main filter, an oil-reservoir, a dis- 
pensing-tank, and a compressed-air re- 
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ceiver, of air and oil pipe connections 
between said filter, reservoir, dispensing- 
tank and receiver, a reduction-valve lo- 
cated in each of the air-pipes for con- 
trolling deliveries from said receiver, an 
oil-feed pipe leading from the dispensing- 
tank, oppositely-disposed branches in the 
latter running through secondary pressure- 
filters, a main oil-feed line, and an oil- 
return line, the latter discharging into the 
main filter aforesaid. 
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662,884.—HYDRAULIC ATR-COMPRESSOR. 
Fred C. Starke, Milwaukee, Wis., as- 
signor of two-thirds to Claude L. Frank- 
lyn and John K. Russell, same place. 
Filed July 30, 1900. Serial No. 25,234. 


In a hydraulic air-compressor the com- 
bination of a separating-chamber having a 
conical top and an outlet around the bot- 
tom, an ascending water-conduit into 
which said outlet opens, an air-delivery 
pipe leading out of the apex of said cham- 
ber, a spreading-table within said cham- 
































ber above the outlet at the bottom thereof 
and a descending pipe having a water-in- 
take and air-inlet at its upper end and a 
lateral discharge-opening at its lower end 
which projects at one side of said chamber 
over said table. 


REISSUE. 


33,613. — AIR-CUSHION. Daniel Hogan, 
New York, N. Y., and Christian William 
Meinecke, Jersey City, N. J., assignors to 
Meinecke & Company, New York, N. Y. 
Filed Nov. 1, 1900. Serial No. 35,181. Term 
of patent 14 years. 




















The 
Air Brake 


Endorsed by all 
leading railway 
authorities. 


BUILT BY 


The 
Westinghouse Air Brake Co., 
Pittsburgh, Pa. 











OF EDUCATION 


Mechanical 
Engineering 


Electrical, Civil and Min- 
ing Engineering ; Drawing; 
Surveying; Chemistry; 
Plumbing; Architecture, 
Bookkeeping; Shorthand; 
| English Branches | 
iw TAUCHT BY MAIL. 
| i Over 50 Courses. | 
| We have helped thousands to better positions | 

and salaries. Send for free circulars, stating 
the subject in which you are interested. 
THE INTERNATIONAL CORRESPONDENCE SCHOOLS, 

Box 1182, Scranton, Pa. 
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H. GLAENZER & PERREAUD, 


Mechanical Engineers, 





1, Avenue de la Republique, 
& 61, Rue de Malte. 
TELEGRAMS: . " A. B. C. 4TH Ep. 
“BLAKENILES,”’ PARIS. LIEBER’'S 
““PARIS."’ (FRANCE.) OR A1'S CODES. 
INGENIEURS CONSEILS POUR INSTALLATIONS D’AIR COMPRIME & 


AGENTS EXCLUSIFS DE 
Chicago Pneumatic Tool Co., 


OUTILS PNEUMATIQUES, 


Curtis & Co. Mfg. Co., 
Geo. F. Blake Mfg. Co.. 


COMPRESSEURS D’AIR AUTOMATIQUES A VAPEUR & A COURROIE 
VERINS PNEUMATIQUES. 


Merrill Pneumatic Pump Co., 


POMPES PNEUMATIQUES. 


Wheeler Condenser. 


CONDENSEURS PAR SURFACE. 
RECHAUFFEURS. 


“COMPRESSED AIR’ 


REVUE MENSUELLE DES APPLICATIONS DE L’AIR COMPRIME. 
ABONNEMENT: 8 FRANCS PAR AN. 





























Messrs. H. GLAENZER & PERREAUD have been the leading 
introducers of compressed air machinery in France. They will re- 
ceive with pleasure correspondence from American manufacturers of 
compressed air machinery, tools, and supplies. 
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CHAS. G. ECKSTEIN, 


MECHANICAL ENGINEER, 
Berlin, C., Germany. Spandauwerstrasse 16-17, 





Makes it a specialty to sell 





Pneumatic Tools and Appliances 
nd 


Compressed Air Machinery in General, 


in Europe. 








American Manufacturers of 
FIRST CLASS TOOLS AND MACHINERY 


in above line, seeking an effective representation abroad, are respectfully 
invited to correspond with the New York Office, 249 Centre Street. 


Seamless Rolled Steel Tubes 











FOR GASES, COMPRESSED AIR, ETC., 
UNDER HIGH PRESSURE. 






= 
= 
In lengths up to 24 feet. z 
Manufactured in Germany after the famous ‘‘ Mannesmann Process.”’ = 
a, 
Representative : 
7 — aha b Boom 
ighest authorities an 70V- ‘ 
f d 
— = es Chas. G. Eckstein, 
ee is only aneee. 
overnmen es’ er- 
tificate is furnished with 249 Centre Street, New York. 
same. 
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“LITTLE GIANT” 


PNEUMATIC TOOLS 


DURABLE EFFICIENT 


AND APPLIANCES 








BP 


REGULATOR 





DRILLS HAMMERS 


BORING FLUE 


MACHINES ROLLING 


BLOW-OFF MACHINES 


COCKS RIVETERS 


Light in weight and economical in use of air. 


SENT ON TRIAL. GUARANTEED AGAINST 


REPAIR FOR ONE YEAR. 


OTANDARD PNEUMATIC TOOL 60. 


MANUFACTURERS OF 


Cen ee a ee a a ae ae ae a ae ee a ae ee a Se ee ae a Se eM i ee ea se 
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PNEUMATIC TOOLS AND APPLIANCES OF ALL KINDS. 


NEW YORK, LONDON MARQUETTE BLDG., CHICAGO, ILL., U.S.A. PARIS, BERLIN, BRUSSELS. 


Jo fonforfonfecfocfocfocfofocforfocfoctocfeofoefecfecfectocfentesfecfoetocteotenfeefoefoefocgoeforferontenentenfententontecfeateetealeeleeleeloehoehooboeboeboebobetebesteebeeboeioebeeee bree eek eter berger 
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COMPRESSED AIR. 


COMPRESSED AIR COMPANY. 


Controlling the American Air Power Company of New York 
and the Compressed Air Motor Company of Illinois. 


COMPRESSED 
AlR MOTORS 


FOR STREET, SUBURBAN AND ELEVATED RAILWAYS, 











The above cut is of a 28 foot Compressed Air Motor Car hauling two trail 
cats in Chicago. 


COMPRESSED AIR CO. 


621 Broadway, . - NEW YORK. 
1032 Monadnock Block, - CHICAGO, ILL. 
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COMPRESSED AIR COMPANY. 


Controlling the American Air Power Company of New York 
‘ and the Compressed Air Motor Company of Illinois, —————-- 


COMPRESSED AlR MOTORS 


’ 
: 
: 


ee 
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( 
FOR STREET, SUBURBAN AND ELEYATED RAILWAYS. 
‘ ee ‘ 
COMPRESSED AIR MOTORS ARE ‘ 
« 
Independent, under quick control, noiseless, of high efficiency, free from danger § 
: and all objectionable features. The most economical system in cost of installa- 


tion, operation and maintenance ever offered to street and other railways. 
i Thoroughly tested, both Winter and Summer, and endorsed by prominent 


engineers. ' 
y Cars, in size and appearance, are the same as electric gr cable cars, the = 
: floor being no higher from rail. No paying space occupied by the air storage 
y or mechanism, all being placed under the car floor. y 
. 
RUN AT ANV SPEED DESIRED. 
OVERCOME GRADES AND SHARP CURYES EASILY. 
EQUIPPED WITH NOISELESS AIR BRAKES. 
Can be recharged with air in less than two minutes, and constructed to run 
4 any desired distance. Motors and entire load spring supported. Cars can be 
introduced one at a time on the track of any railway, steam, electric, cable or ; 
horse. Cars of this type performed a daily service of 81% miles each upon = { 
‘ 125th Street, New York City, for one complete year, during which time they 
ran 32,159 miles, and carried 188,854 cash fares, and are now, and have been 
since May 30, 1899, in operation on North Clark Street, Chicago. ‘ 


The Metropolitan Street Railway Company, on 28th and 29th Streets in § 
New York City, during the last three months of 1898 operated the line by horse 
power, and during the corresponding period of 1899 by air, with the following 
comparative results : 


aoe, bade bch bée h<bOe8-OO6@8O6O8OOeE 








1898 1899 H 
(horse) (air) s 
Number of carsemployed, . . . . 16 15 : 
Car mileage perday, . . ... . 1310 1530 : 
Number of passengers carried,. . . 1,183,170 1,631,580 
. . . 
During the ten months ending May 30th, 1900, 2,777,965 passengers were y 
. . . . i . o 
carried by the air motors on this line, exclusive of transfers. ¢ 
The new motors recently installed are running on schedule time and on 4 
October 8th, 1900, ran 16 cars each making 16 round trips carrying inthe $% 

H aggregate 19,065. 
1 In Chicago, where air cars were introduced for night service in place of ‘ 
horse cars, it has resulted in more than doubling the number of passengers ; 
= carried during those hours. $ 
; 
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+ We're making a Specialty of t 
~~ eH 
Filling the foundryman’s wants. We're making a specialty of doing this + 
4 neatly, quickly, and in a way that puts money in his pocket. z 
ote We-don’t undertake any job belonging to the iceman. We don’t know Re 
* anything about cutlery. We couldn’t write a respectable looking article about 
lemon squeezers. Our ideas are very crude regarding fruit jars. Our experi- + 
% ence is very limited in setting saws, fe 
+ We leave all those lines to the journals that ‘‘covereth the whole earth.” + 
bi We don't know it all and we don’t try to do it all. r 
ote We have ‘‘ boiled down’ and concentrated all our “know how”’ to the 4 
* formerly neglected foundry business. + 
‘i We dish up every month the most appetizing nourishment for all kinds of 4 
¢« foundries, Nothing but foundries mind you. RA 
‘i Everyone has paid for his meal ticket too. Not a deadhead sits at our % 
table. No ‘‘free soup’’ goes with us. z 

4 Let us sandwich in an advertisement of the stuff you want the foundries Re 
* to buy. ? 
- It will be masticated all right. The orders you will get thereafter will % 
¢ show you that you have not advertised in vain. Ke 
a . ° 5s 
: T : 
: HE FOUNDRY t 
3 y % 
t DETSeOIT, <° °° © * HIIGAN. t 
aH 
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GORNELL & UNDERHILL 


Wrought and Cast Iron Pipe 
Boiler Tubes 

Artesian and Oil Well Casing 
Iron and Brass Fittings 
Valves and Cocks 

Gate Valve and Hydrants 
Freight, Mine and Dump Cars 
Portable Track and Switches 
Car Wheelsof every description 


13 GOLD STREET. 


TELEPHONES, CABLE AODRESS, 


FRANKLIN 2032-2033, *' CUBE,’’ NCW YORK 


' 
2 
i] 


; Janney, Steinmetz & Co., 


COLD DRAWN, HOT PRESSED 
AND FORGED 


STEEL SHAPES 
AND SPECIALTIES 


AAAAAA 


SEAMLESS COLD DRAWN 
STEEL SHELLS, CYLINDERS 


AND TANKS 
For Air, Water, Steam, Gas, So 
Ammonia or Fluids under Pre 
and Explosives. 
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SEAMLESS STEEL TUBING, HEAVY SECTION 
TUBES, HYDRAULIC FORGINGS FOR 
CREAM SEPARATOR BOWLS, 
SEAMLESS STEEL TESTED 
TANKS OF SUNDRY 
DIAMETERS. 


DREXEL BUILDING, 


o———__ PHILADELPHIA. 
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“7 YEDRICK sc AYER CO., 
PHILADELPHIA, 
PA. XK Ee _+ 3 
, These Compressors will compress more air 
\ at less cost tban any other make, requiring no 
attention other than oiing ; entirely automatic 
in acticu, stopping and starting as air is re- 
quired. Specially adapted for foundry use. 
Can be run in series; if so, no stoppage 
possible. 
COMPRESSED AIR 
fom, RIVETERS, HOISTS, 
j =a? CRANES ano OTHER 
TOOLS. 
Send for Catalogue. 
a - Manning, Maxwell & Moore, 
E F Sore Acenrts, 
= 85, 87, 89 LIBERTY ST., N.Y. 
; = 22 SO. CANAL ST., CHICAGO, ILL. 9 
PARK BLDG., PITTSBURGH, PA. 
WILLIAMSON BLOG., CLEVELAND, 0, 
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WHEELER CONDENSER & ENGINEERING CO. 


NEW YORK. 
i SURFACE 
Me CONDENSERS 
MARINE Mounted on 
and Combined Air 
STATIONARY and 
Circulating 
SERVICE. Pannen 


PROPRIETORS AND MANUFACTURERS OF 
WHEELER STANDARD SURFACE CONDENSER; WHEELER ADMIRALTY 
SURFACE CONDENSER; WHEELER LIGHTHALL SURFACE CONDENSER; 
VOLZ PATENT SURFACE CONDENSER AND FEED WATER HEATER; 
EDMISTON PATENT FEED WATER FILTER. 


WHEELER’S PATENT FEED WATER HEATER 
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The Stearns-Roger Manufacturing Company, 
CONSTRUCTING ENGINEERS. 


COMPRESSED AIR. 
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Mills, Electric Plants hh 
Compressed Air Plants of any capacity. | 
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| ROGER’S IMPROVED CRUSHING ROLLS. 


Patented in the United States and Foreign Countries 


Ee 


“These Rolls have been running 


very satisfactcrily and appear to us to be unquestionably 
the best type of roll yet devised. ; > 


General Manager, 
MOLLIE GIBSON & A. J. MILLs, Aspen, Colorado.” 









Manufacturers of all classes of Machinery for Mining and Metallurgical requirements. 
| MAIN OFFICE, 1718-24 CALIFORNIA STREET, DENVER, COLO., U.S. A. 
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GENERAL COMPRESSED AIR 
HOUSE CLEANING COMPANY. 


INCORPORATED CAPITAL $100,000. 


Lona Distance Offices : Lincoln Trust Building, 
MAIN 2552. St. Louis, Mo. c: 





i WIV 





Correspondence is invited from 
parties desiring to engage in 
cleaning houses, including carpets, 
rugs, draperies, bedding and up- 
holstered furniture by the dustless 
method. 


Exclusive City Rights 
Fer Sale. 


By our system houses are thor- 
oughly cleaned and disinfected 
with compressed air, 

Recommended by the Medical 
Profession. 

Revolution in Ilouse Cleaning. 

This device thoroughly renovates 
the carpets, removes and collects 
allof the dirt and impurities that 
the carpet contains. 

This method is protected by 
Letters Patent, others pending. 














lor further information, address 


HOUSE RENOVATOR. 


Latin weed 


GENERAL COMPRESSED AIR 
HOUSE CLEANING COMPANY. 


CONTRACTORS AND ENGINEERS FOR COMPLETE 
RENOVATING PLANTS FOR HOTELS, RESIDENCES, 
HOSPITALS AND PUBLIC INSTITUTIONS,._—— € 


Ee 
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Saad 


Established 
1s33. 


Bata 





(. & G, COOPER CO. 


MT. VERNON, OHIO. 


CORLISS ENGINES. 


ComMPouND. 





TRIPLE ExpANSION, 
SINGLE CYLINDER. 


Of all sizes up to 3,000 
Horse-power. 





— FOR — 
FACTORIES, RAILWAYS, ELECTRIC LIGHTING, 
ROLLING MILLS, AND ALL KINDS 
OF MANUFACTURING. 





CORRESPONDENCE SOLICITED. 
HOME OFFICE: MT. VERNON, OHIO. 
NEW YORK: Room 1022 Havemeyer Building, F. W. IREDELL, Mgr. 
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is the work of our Pneumatic Chipping and 
Riveting Hammers. They strike fifty blows 
while the hand-chipper or hand-riveter strikes 
one. This isn’t merely saving—it’s Revolution, 

“The defects of all other pneumatic ham- 
mers are overcome in ours by the Valve. It is 
perfect in principle and faultless in operation. 








Send for Catalogue of 
our Pneumatic Tools, 
for Chipping, Riveting, 


PHILADELPHIA PNEUMATIC TOOL CO. eee 
PHILADELPHIA. | NEWYORK. ~—§ PITTSBURGH. BOSTON. 
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ComPRESSED AiR Pumps FOR ALL ‘Penvcann. 


¢ GLER GLEASON- SON-PETERS AIR PUMP 6O., 20 West Houston Street, NW. Y. 
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A GOLD MEDAL. 
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BULLOCK DIAMOND ORILLS 


Received the ONLY award made to Diamond Pointed Prospecting Core 
Drills at the 


PARIS EXPOSITION 


COMPRESSED AIR. 
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M. C. BULLOCK MFG. CO., CHICAGo. 
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a 
By FRANK RICHARDS. 


a 
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‘Compressed Air. 


Practical information upon Air-Compression 
and the Transmission and Application 
of Compressed Air. 


John Wiley & Sons, New York. 


r 


12mo, cloth, $1.50 








ENGINEERING 


. men of oyr.times. 
& 6©Review and Index to the wold-wide range of technical 
e literature — American, English, French, and German. It 
S is read in every nook and coraer of the civilized world. 
E is founded upon the idea of meeting the requirements of the 
, busy and brainy men who manage, think, and plan for the 
% engineerin 


, lation among such men than has ever 


en 
Nx wa priceless to the active man who needs to keep in touch 


; cerned with modern industrial enterprises. ibe 
‘are its warmest advocates and the. Magazine itself is its 
Sy best solicitor. 


S THE ENGINEERING MAGAZINE, 


> The Century of the industrial world and the Review of 
| Reviews to evgineering literature — the two in one.” 
5 leading articles treat the subjects uppermost in importance 


4 
a 
3 
ij 
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THE 


MAGAZINE 


AN INDUSTRIAL REVIEW 


The Engineering Magazine has been aptly described as 
Its 


Its contributors include the foremost 
It gives each month an. exhaustive 


jn industrial affairs. 


It 


. architectural, electncal, rvilroad, mining, and 
sumhesiert industries. It has a larger bona-fide circu- 
boss attained by an 

gineering journal in all the history of industrial literature. 
ith current developments. Its every page carries a living 
interest for intelligent readers who are in any way Con- 
Its subscnbers 


Sample copy free. 
30 Cents a Number; $3.00 a Year. 


420-122 Liberty St., New-York, U.S.A. 
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AIR BRUSH We are making and selling the 
best Art Toolinuse Applies color 
/ by jetof air, enabiing the artistto 
do better work and savetime, No 
i} studio complete withoutit. Cit 
culars free. 
Address. AIR BRUSH [IFG. CO, 
60 Nassau st ,Rockford,l11L,U.S,A, 


FOR © ~ 
ART_WORK 


sed tz. Officers of all Railroads 


a eae THE POCKET LIST op 
$1.00 per annum. RAILROAD OFFICIALS 
THE OFFICIAL Advertsing rates on application. 
RAILWAY EQUIPMENT pesce(t" oR” 
REGISTER senger cars of the henna ey hath ng! <n 
the United States, Canada and Mexico. sik: 
Subscription Price, $5.00 per annam, Single copies, @1.00, 
THE BAILWAY EQUIPMENT & PUBLICATION GQ 
24 Park Place, New York, 
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McKiernan Drill Co., 
120 LIBERTY STREET, 
NEW YORK, 


MANUFACTURERS OF 


Rock Drills, Etc. 
Air Compressors 


Various Types. Special Designs. 
for all Dynamic Purposes. 


SOLE AGENTS FOR THE 


Kennedy Patent Air Lift. 


Suitable 


























THE ONLY 


GRAND PRIX 


Given at the PARIS EXPOSITION, 1900, to builders of 


GOLD MEDAL 


~(NGERSOLL SERGEANT coneun 


26 CORTLANDT ST. 
NEW YORK. 





































‘* Embodying 
the 

Latest 
and 

Best 
Practice.’’ 


‘* Fittingly 
Representative 
of an 
Age of 
Progress.”’ 








Air 
Compressors 


For Operating 
PNEUMATIC TOOLS, 
HOISTS, ROCK DRILLS 
and every other application of Com. 
pressed Air. 


CLAYTON AIR LIFT SYSTEM 
BREWERS AIR PUMPS Clayton Steam Duplex Type. 


CLAYTON AIR COMPRESSOR WORKS, 


Catalogue. 26 CORTLANDT ST., NEW YORK. 


























